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(57) Abstract. The invent.on relates to computer engineering and can be used for various computer memory devices and fo, 
developing vjdeo-audK. apparatus of new generation, systems of associative memories and synapses (an element or a electric 
l.ne provided with a programmable eleclr.c resistance) for neural networks of neurocompu.crs The inventive memory cell 

pasSe la (5) d ' Sp0SCd ,hc,cbcUvecn consisting of an active layer (3). a barrier layer (4) and a 
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(57) Pe^epa-n H3o6pereHHe othochtch k BbmncjiHrenbHofi rexHHKe h Moacer 6un> HcnoniaoBaHo b 
3anoMHHaioiUHX ycTpoflcTBax KOMnworepoB pa^HHHoro HMHaneHHR, a raioKe jvm cozmmvi 
BHAeo-ayflHO annapaiypu hobor) noxojieHHa, pa3pa6cmcH chctom accouHaTWBHbix 
3anoMHHaiomHx ycrpottcTB, co3AaHH* CHHancoB (3/ieMeHTa 3JieKTpHHecKoH uenw c 
nporpaMMHpycMUM dJieiorpKHecKHM conpoTMBJieHHCM) Ann HettpoHHbix cereB 
HeflpoKOMnbrorepoB. 

^HefiKa naMRTu no3BOJwer xpaHvm, HecxojibKO 6htob HH<J>opMauHH h xapaicrepirayCTCJi 

BbJCOKHM 6bICTpOAeflCTBHeM. 

3a5»MfleMan aHettxa fibmhth coAepxcirr Aaa amoMHiweBUX crwouiHbix ajieicrpoAa 1 m 2, 
MOKAy KOffx>pbiMH pacnoJioweHa MHorocjioftHa* 4>yHKUHOHajibHaa 30Ha, cocToama* H3 OAHoro 
aKTHBHoro cjioh 3, OAHoro 6apbepHoro 4 h OAHoro naccHBHoro cjioh 5. 
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HHEfiKAHAMHTH 

06jiaCTE TeXHIIKH 

H3o6pereHHe othochtch k BHHHCjnrrejiBHoft Texmuee h mohcct 6bitb hciiojib- 

30BaHO B 3anOMHHaK>mHX yCTpOHCTBaX KOMITBIOTepOB pa3JIHHHOrO Ha3HaqeHHH, B 

5 pa3pa6oxKe chctcm accoimaTHBHLix 3anoMHHaK>mnx ycnpottcTB, co3AaHHH cHHancoB 
(ajieMema sjieKipiraecKog uenn c nporpaMMHpyeMMM ajieierpmecKHM conpoTHBJie- 

HHeM) fSflX HefipOHHHX CCTeft, C03flaHHeM 6aHKOB flaHHHX C npflMHM AOCTynOM, C03- 

A&HHeM BHfleo-ayflHO annapaiypH hoboto noKoneHHa. 

IIpeAuiecTByiomHH ypoBeHb tcxhhkh 

lp B coBpeMeHHBix KOMiBbiOTepax Hcnoji&3yK>TCH 3anoMHHaK>mHe ycrpoftCTBa 

pa3JiHrqHoro Ha3HaHeHM c oTJiHHawmHMHCH xapaicrepHCTHKaMH no cKopocra 3anncH, 
BpeMeHK xpaHeraw, BpeMeHH flocryna h CHHTHBaHHa HH(J>opMamm. 3to cymecTBeH- 
ho ycnoHCHHeT pa6oTy BtracjiHTCjitHbix cHcreM, yBejiHHHBaeT BpeMj? noATOTOBKH 
KOMrnbiorepoB k pa6oTe, ycjioMowex npo6jieMy coxpaHeHHH HH^opMaunH h t.a. 

15 OflHOH H3 npHOpHTCTHblX 3aflaH CTOflmeft B 06jiaCTH MHKp03JieKTpOHHKH HBJ1H- 

erca co3^aHne yHHBepcaJiBHO 3anoMHHaiomero ycTpoficTBa oSjiaflaioiqero bhcokoS 

CKOpOCTBK) 3anHCH H CTOTLIBaHHH HH<j)OpMaitfffl HapHfly C 60JIBUIHM BpeMCHCM Xpa- 

Hemix h bmcokom HHtpopMaipoHHofi iuiothoctho. BMecTe c sthm HMeercn 6oJiBinaa 
noTpe6HOCTt b C03AaHHH 3^(|)eKTHBHoro h npocroro sJieMeirra cHHanca j^ia HeftpoH- 
20 hbix KOMnBioTepoB. OTcyrcTBHe TaKoro 3neMeirra cAepacHBaerr co3AainiH peajiBHBix 

HefipOKOMIIBIOTepOB. 

BMecre c tcm, noTCHimajiBHHe bo3mohchocth ^rawnecKHx npKHipniOB 3ajio- 
MceHHHX b ocHOBy pa6oTH 3JieicrpoHHBix ycrpoiicTB nonynpoBOAHHKOBoii MHKpo- 
sjieicrpoHHKH npaKTHHecKH HcnepnaHBi. B Hacroamee speMfl hast HHTeHCHBHHft no- 

25 HCK HOBHX npHHipinOB (JjyHKUHOHHpOBaHHfl H npOH3BOACTBa 3JieKTpOHH£IX yCT- 

poftcTB Ha ocHOBe HAefi MOJieKyjwpHoft sjieiopoHHKH c HcnonB30BaHMeM MoneKyjmp- 
hbdc MarepnajioB vum cynpoMoneKyjwpHHx aHcaM6neft. 

B pa6oxax [1, 2] npoaHajiroHpoBaHa bo3MO>khoctb HcnojuaoBaHiw kbjichhh 
sneiopoHHOii CTpyiaypHofi HeycroftHHBocra HH3Kopa3MepHHX npoBOAanmx chctcm 
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b KanecrrBe $H3HHecKoro npHHijHna, Ha ocHOBe KOToporo bo3mohcho, b HacroraocTH, 
co3flaHHe 3anoMHHaioiimx ycrpoficxB HOBoro iiokojighhh. B 3to8 paGorc paccMaTpn- 
BaioTCH xeopenMecKHe ochobbi AaHnoro hbjichhh c tohkm 3peHHH MojieicynapHOft 
sneicrpoHHKH, anajnoHpyioTCH ycjioBHH h napaMerpu, onpeAejunonme ero xapaicre- 
5 phcthkh. IIpHBOfljrrca aaHHBie no OAHOMepHBiM MOJieKynHpHHM crpyicrypaM, npeA- 
CTaBJUHomne HHTepec am nocTpoeroix yxa3aHHHx 3JieierpoHHBix crpyicryp, a TaiOKe 
p accMaTpHB aioTCH oco6eHHOcra cipyicrypHoH HeycroftHHBocTH h • aHariOTHpyioTCH 

B03MOHCHOCTH CTaTHHeCKOIX) H AHHaMHTCCKOrO ynpaBJieHHfl npOBOAHMOCTBK) OAHO- 
MCpHBIX CHCTeM. 

10 yKa3aHHufl <])H3HqecKHii npHHijHn OTKpHBaeT nepcneKTHBH KOHcrpyHpoBa- 

hhk 3 anoMHH aio mice ycrpoftcxB, oCHOBaHHHx Ha hobbix MexaHi«Max xpaHeHHH H 
npeo6pa30BaHHH HH<|>opMaD(HH, a TaiOKe b noASope cooTBeTCTByiomHx MaTepnajiOB. 
IIpeACTaBJiHeTCH BecBMa ohcbhahhm, hto noTCHUHajiBHBie bo3momchocth MoneKy- 
JiapHoft sjieiapoHHKH 6yAyr pacKpHTH b 6ojiuneH Mepe npn C03AaHHH HettpomiBix 

15 CeTeft, COCTOHmHX H3 HefipOHOB H CBfl3BIBaK)mHX HX 3/ieKTpOaKTHBHbIX ClfflailCOB. 

Co3flaHHe cpe^CTBaMH MOJietcyjinpHoii ajieicrpoHHKH HcicyccTBeHHbix HefipoHOB, pa3- 
jiHHHoro rana ceHcopoB, BKjnoHeHHiax b e^HHyio cctb, o-nqpoeT nyTB k peajnraauHH 

BCeX nOTeHUHaJIBHLIX B03M05KHOCTC8 3aJ10>KCHHBIX B HeftpOKOMriBIOTepHOfi Hfleo^o- 
THH, II03BOJ1HT C03A&TB npMH£(HIIHaJIBHO HOBBlft THII KR(j)OpMaiJKOHHO BEI*H£CJIHTGJXB~ 

20 hbix cHcreM, h noAofira BnJiOTHyio k pemeHHK) npo6jieMBi co3flaHHH ncicyccTBeHHoro 
HHTejuieicra. 

H3BecrH0 ycrpoftcxBo, coAepacamee aqeitKH naMOTH, KOTopBie Moryr 6bitb 
HcnoJiB30BaHBi ajiji xpaHemiH HH^opMamra (cm. naTeHT USA 6055180, MKH G11C 
11/36, 2000r.). 

25 OCHOBHBIM H^AOCTaTKOM H3BeCTHOrO yCTpOftCTBa JIBJIfleTCH TO, HTO OHO n03B0- 

jikct npoH3BOAHTB imxm> OOTOKpaniyK) 3anHCB HH<j)opMaitfiH. ITpmeM ajih cHHTHBa- 

HUH HH(|>OpMaUHH HCnOJIB3yCTCH OITTOTeCKHfi MCTOA. HciI0JIB30BaHHe OITTHHeCKHX 

ycTpoHCTB cymecxBeHHO ycjio^HHeT h yBejieraiBaeT pa3MepBi ycTpofkrrB, a xaK^ce 

CHflDKaeT HaAOKHOCTB CHHTHBaHHH H3-3a CJIO)KHOCTH n03HUHOHHpOBaHHfl oirnreecKO- 

30 ro /iyna. B ApyroM cnoco6e 3aiiHCH onucaHHOM b ashhom nateHTe HcnoJiB3yercfl 3$- 
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$eicr xeiuiOBoro npo6oa, KOTopMtt BU3BaH npHJioaceimeM bbicokoh) HanpraceHHa. 
He^ocrancoM aaHHoro Meroaa 3anncH hbjihctch to, hto oho no3BOJiaer npoH3BO<mrrB 
TaioKe jihiiil oflHOKparayio 3anncB HH^opMamm h Tpe6yeT HcnojiB30BaHHH bhcokhx 
Hanpa^KeHHH ajieKipuHecKoro nojra. 

5 JfeBecTHa aneftica naMaro, coaepacamaa TpexcjiofiHyio crpyicrypy, cocToamyio 

H3 jjfiyx aneiopoflOB, Me^y kotopbimh pacnojioaceHo BHcoKOTeMnepaiypHoe MOJie- 
KyjiapHoe coeflmieHHe (cm. naTeHT JP 62-260401, MKH H01C 7/10, C23C14/08, 
H01B 1/12, 1990r, h craxtio [4]). KbBecraaH jraeftKa naMHTH HcnojiiayeT npummn, 
ocHOBaHHufi Ha H3MCH6HHH aneKipiraecKoro conpoTHBJieHHfl MoneKyjwpHoro coe^H- 

10 hchhh npH npHJio)KeHHH BHeumero 3JieiopHqecKoro nojia. ripoBo/mMOCTB MOJieicy- 
nnpHoro Bemecrraa moxcct npHHHMaTB flBa chjibho pa3JiHHaiomHxcji 3HaneHHK, hto 

n03BOJIHeT XpaHHTB OflHH 6 PIT HH<j)OpMaiJHH. 

OCHOBHBIMH HeflOCTaTKaMH H3BCCTHOH HTCHkH naMHTH HBJUHOTCH HH3KOe 6BI- 

cipoAeficTBHe, cBA3aHHOC c 60JI&111HM BpcMCHeM nepetonoHeHHH conpaTHBjieHHa h 
15 BticoKoe HanpaaceHne mrramiH (okojio 60 B), KOTopBie cymecTBeHHO orpamraHBaioT 
HcnojiB30Bamie yxa3aHHOH xneitKii naMara b cocTaBe coBpeMeHHBix 3JieiopoHHBix 

yCTpOHCTB. 

H3BecTHa xaK>Ke anefiKa naMara, coflep>Kamafl TpexcjiofiHyio CTpyicrypy, co- 
CTOHmyK) H3 flsyx aneiopoflOB, Mea^y kotopbimh pacnonoaceHO HroKOTeMnepaxyp- 
20 Hoe MOJieKyjinpHoe coeflHHemie (cm. naTCHT USA 4652894, MKH H01L 29/28, 
1987r. h cTaxbio [3]). Pa6oTa H3bccthoh anefiKH naMara To^ce ocHOBaHa Ha H3MeHe- 
hhh 3JieicrpHqecKoro conporHBJieHHH MojieKyjiapHoro coeAHHeiraa npn npiuioHceHHH 
BHeinnero aneiapHHecKoro nona. Oah&ko aaHHoe ycrpottcTBO, b otjihhhc ot BBime- 
npHBeAeHHoro, xapaiereprayerca Sbictphm BpcMeHCM nepeKmoMemw conporaBJie- 

25 HHH H HH3KHMH paSoHHMH Haiip^KCHKHMH. 

Ochobhbimh HeflocTaTKaMH H3BecTHoro TexmraecKoro pememw hbjihiotcjj, 
Bo-nepBBix, hcbo3Mo>khoctb oSBeflHHeffiw cymecrByiomeft TexHOJionoi nporaBOflCT- 
Ba nojrynpoBO^HHKOBBix npw6opoB c npe;yio>KeHHoft TexHOJiorneft mroTOBJieHna H3- 
Becroofl jraeftKH naMHTH, t.k. HcnonB3yeMBie b Heft HH3KOTCMnepaTypHH6 MOJieicy- 

30 JWpHBie COeAHHeHHH aBJMIOTCfl MCXaHHHCCKH, a DiaBHOC, TepMHHeCKH HeyCTOHHHBBI- 
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mh BemecTBaMH, ciioco6hhmh BBiflep^HBaTb TeMneparypy tojibko no 150°C. 3to He 
no3BOJwer npHMeHHTt roc cobmcctho c coBpeMeraoft TexHOJioraefl raroroBJiemiH 
noJiynpoBOflHHKOB, HcnojiL3yiomHX b TexaojiorBraecKHX npoueccax TeMnepatypH flo 
400°C. 

5 Bo-BTopHX, roBecTHM OTeifeea naMOTH cnoco6Ha xpararrB tojibko o«hh 6ht 

HH^opMauHH, hto He no3BOJiaer HcnojiB30Baxb ee npn co3^aHxm ycrpoficTB o bhco- 

KOfi HH<|)OpMaiJHOHHOfi IUIOTHOCT&K). 

KpoMe Toro, $H3HHecKHe xapaicrepHCTOKH irpHMeHeHHHx MaTepnajioB o6y- 
• cJiaBjiHBaioT HeyflOBJiexBopnTeJiBHyio noBTopaeMOCTB urouia faariHCE-HTeHHe- 
10 cTHpaHHe). 

Bee BBimeirpHBejueHHHe, a Taiofce roBecrHHe b mrrepaiype jraeftKH naMHTH 
flaHHoro THna hmciot o6mnft He«ocraTOK - no3BOJiHK)T xpaHHTb nwnb omm 6ht hh- 
^opMauHH. 

PacKpwTHe H3o6peTeHUH 

15 B ocHOBy H3o6pereHHH nocrasjieHa 3swana co3AaHHH npinmanHajiBHO hoboi! 

KHeftKH naMHTH, KOTopaa no3BOjuuia 6u xpaHHTB HeckojiBKO 6htob HH<j)opMaijHH, xa- 
paicrepH30BajiacB 6h SucrpBiM BpeMeHeM nepeiononeHHA conporHBJieHEW h hh3khmh 
pa6oHHMH HanpaHceHHHMH, ho npn 3tom no3BOJi^Jia 6bi coBMecraTB xexHonorHK) ee 

H3rOTOBJieHHH C TeXHOJIOraetf npOH3BOflCTB a COBpeMeHHBIX nOJiynpOBOAHHKOBHX 
20 yCipOHCTB. 

3Ta 3aAana pemeHa xeM, hto b jneftKe naMHTH, coaepacamefi TpexcjioiiHyio 
crpyioypy, cocTOKmyio H3 «Byx aneiopoflOB, Meacj^y kotop&imh pacnojioaceHa 4>yHK- 
HHOHajiBHaa 30Ha, b KanecrBe 3JieiopoflOB HcnoJiwyioTca Meraiui h/hjih nojiynpo- 
boothk h/hjih npoBOflamnfi nonHMep h/hjih npoBOflamnfl h oiithtcckh npo3paHHtifi 
•25 oKHceji hjih cyjiB^Hfl, a 4>yHKUH0Hajn»HaH 30Ha BHnojmeHa H3 opraHHHecKHX, Meraji- 
nopraHHHecKHx h HeopramraecKBx MaTepnajiOB co BCTpoeHHHMH b MoneKyjwpHyio 
h/hjih KpHcrajiJHroecKyK) crpyioypy pa3JiHHHHMH ranaMH aKTHBHHX aneivieHTOB, a 
TaioKe hx coHeraHHfl flpyr c apyroM h/hjih KJiacrepaMH Ha hx 



HCIIEAEMHHijp; ' jKCT (IIEABHJIQ^r). 
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OCHOBe, KOTOpfcie H3MeHHK)T CBOe COCTOHHHe HJIH nOJIOHCCHHe nOfl fleftCTBHeM BHem- 

nero 3JieicrpHHecKoro nojw h/hjih cBeroBoro rojiyHeHH*. 

YKa3aHHoe BunojraeHHe jneHKH naMjrra no3BOJineT C03flaTB sjieMeirr naMHTH c 

0£Ho6hTOBBIM HJIH MHOro6HTOBHM OTOCOSOM 3ailHCH, XpaHeHHH H CWTWBaHHH HH- 
5 (|>OpMaD(HH. IIpH 3TOM HH^OpMaiJHH COXpaHHeTCH B BHfle BeJIHHHHBI COIIpOTHBJICHHH 

(^yHKiiHOHajibHofi 30HBI. Jlflx H^eHKH naMHTH c oahoShtobbim peaoiMOM xpaHeHHH 
HH<J>opMaijHH Bejnraraa conpoTHBJieHHH HHefflKH HMeer flBa ypoBHH - bbicokhS (coot- 
BercTByeT 3HaHeHHio, HanpHMep, 0) h hh3kh» (cooTBercTByer 3HaHeHmo, HanpHMep, 

1), a flJIH OTCHKH naMHTH C MHOro6HTOBMM pe>KHMOM XpaHeHHH HH^OpMai^HH BeJIH- 

io ^fflHa conpoTHBneHHH xHt&m HMeer HecKOJiBKO ypoBHefi, cooTBerciByiomHx onpeae- 
jicHHOMy Sirry HH^opMai^HH. TaK, HanpHMep, ajih «Byx6HTOBofi jreeiiKH HMeercH ne- 
Ttipe ypoBHH 3HaHeHHft ee conpoTHBJieHHft, Run Herapex 6htoboE - inecTHa^aaTB 
ypoBHen h t. Jfaeifaca naMHTH bbitoaho OTjraraaeTca ot HcnojnayeMbix b Hacronmee 
BpeMH: ajieMeHTOB naMHTH tcm, tto bo BpeMH xpaHeHHK HH^opMaimH, OHa He Tpe6yer 

15 nocTOHHHoro nHTaHHH. BpeMH xpaHeHHH HH(J)OpMauHH 3aBHCHT ot crpyicrypH HHefl- 
kh naMHTH h HcnoJiB3yeMoro MaTepnaJia <j)yHKUHOHanBHoft 3ohm, peacHMa 3anncn h 
M03Ker BapbHpOBBTBCH ot hcckojibkhx cexyHfl (Moacer 6htl Hcnojn>30BaHa ajih co3- 
AaHHH HHHaM*raecKoft naMHro), ao HecKOjn»KHx JieT (MO)Ker Sbitb HcnojiB30BaHa ajih 
co3AaHHH AOJiroBpeMeHHOH naMHTH, inna <«j>jiein» naMHTH). 

20 BBITOflHO BBinOJIHHTB ^yHKI^HOHajIBHyK) 30Hy HHefiKH naMHTH, COCTOHmeK H3 

aKTHBHoro cjioa Ha OCHOBe opraHHHecKHX hjih MerajuiopraHHHecKHX conpHaceHHBix 
nonHMepoB co Bcrp oshhbimh b ocHOBHyio ijenB h/hjih npHCoeAHHeHHBiMH k ixeim 
hjih nnocKOCTH h/hjih BCTpoeHHbiMH b crpyioypy aKTHBHEJMH 3jieMeirraMH o6pa- 
3yK>mHMH hjih He o6pa3yK>nmMH CBexoH3JiyHaiomyK) cTpyicrypy, h/hjih H3 aicraBHo- 
25 ro cjioh Ha OCHOBe opramiHecKHX, MerajuiopraHireecKHX h tteopramwecKHX MaTe- 

pHailOB C BHeflpeHHHMH n0JI05KHTeJIBHBIMH HJIH OTpHU(aTeJIBHHMH H0H3MH, B TOM 
HHCJie H MOJieKyJIHpHblMH HOHBMH, H/HJIH C BHeflpeHHUMH KJiaCTepaMH Ha OCHOBe 

TBepfltix ajieicrponHTOB, jih6o c MOJieicynaMH h/hjih HOHaMH c sjieicrpHHecKHM ah- 
nojiBHHM MOMeHTOM, h/hjih c KJiacTepaMH Ha OCHOBe TBepflux nojiHMepHBix h Heop- 
30 raHHnecKHX 4)eppo3JieicrpHKOB, h/hjih c aohophhmh h aKqerrropHHMH MonexyjiaMH, 

H/HJIH C OpraHHHeCKHMH H/HJIH HeopraHHHeCKHMH COJWMH H/HJIH KHCJI0T3M h/hjih 
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MOJICKyjI&MH BOJ3H, H/HJIH C MOJieKyjWMH, KOTOpHC MOiyr flHCCOUHHpOBaTB B 3JieK- 

TpmecKOM nojie vt/vum no« fleifcTBHeM cseroBoro H3JiyneHHfl, h/hjih c HeopraHine- 
ckhmh h/hjih MeraJinopraHKWCKHMH, h/hjih opraHHHecKHMH cojihmh, h/hjih MOJieiey- 
JiaMH c nepeMeHHOH BaneHTHOCTBio MerajuioB hjih aTOMapmax rpyim Bxoflamux b 
5 hhx. YKa3aHHoe BBinojraeHHe (jjymamoHajibHOH 3ohei no3BOJuieT co3aaTE> crpyicrypy, 
cnoco6Hyio tomchotb sneicrpHHecKoe conpoTHBJieHHe aKTHBHoro cjioh h/hjih o6pa- 
30BHBaxEi BMCOKonpoBOAamae oSjiacra hjih hhth b bkthbhom cjioe nofl B03fleiicTBH- 
eM BHeimmx 3JieicrpiraecKHX h/hjih cbctobhx B03^eficTBHH Ha jree&cy naMHTH h co- 

XpaHflTB 3TO COCTOJIHHe npOflOJDKHTeJIbHOe BpeMH 6e3 npHJIOHCeHHH BHeiHHHX 3JieK- 

io TpH^ecKHX noneft, 

BecBMa 3^>4>eicrHBHO Hcno;iB30BaTB b KanecTBe oflHoro H3 aKTHBH&ix 3JieMeH- 

TOB ^yHimHOHaJIBHOft 30HH KHe&CH naMflTH MOJieKyjIBI h/hjih hohli c 3JieKippreecKHM 
OTtnojiBiaiM MOMeHTOM h/hjih c BHeflpeHH&iMH KJiacrepaMH Ha ocHOBe TBepABix no- 
jiHMepHbix h HeopraHOTecKHx (fjepposneicrpHKOB, hto o6ecneHHBaer pa6oTOcnoco6T 

15 HOCTb HHettKH IiaMHTH npH HH3KHX IipHKJia^blBaeMBlX Hanpfl)KeHHflX. 3TO CB5!3aHO c 

TeM, hto npHcyrcTBHe 4)eppo3JieKTpr«ecKHX sjieMeHTOB yBejuraHBaer BemwHHy Ha- 
npa^cenHOCTH BHyrpeHHero 3JieicrpHHecKoro nojin, a, cjieflOBaTeji&Ho, norpeSyeT 
npHJiOMceHHJi MeHbmero BHeniHero sjieiopireecKoro HanpaaceHHa npH 3airacH hh- 
(^opMauHH. 

20 llepCneKTHBHO BHnOJIHHTB ^yHICECHOHaJIBHyiO 30Hy HTCftKH naMHTH B BHfle 

MHOrOCJIOHHOH CTpyKTypM, COCTOiimefl H3 HeCKOJIBKHX CJIOeB pa3JIHHH0ft aKTHBHO- 

cth, HanpHMep, bbhiojih&hhbix H3 opraHPreecKHX, MeTajiJiopramraecKHX h Heoprami- 
necKHX MaTepnajiOB co BcnpoeHHHMH b MOJieKyjiapHyio h/hjih KpHcranjiFraecicyio 
crpyicrypy aKTHBHHMH 3JicMeirraMH h/hjih KJiacrepaMH Ha hx ocHOBe, KOToptie ra- 
25 mchhiot CBoe cocroHHHe hjih nonwsceHHe new fleficTBHeM BHenmero 3JieicipHHecKoro 
nojw h/hjih CBeTOBoro mjiyneHHH, qTO no3BOJiaeT pacuiHpHTB flHana30H h flHCKper- 

HOCTB BeJIHHHH SJieKTpHHeCKOrO COITp OTHBJieHHH, a, GJieflOBaTeJIBHO, nOBBICHTB HH- 
(])OpMaiIHOHHyK) IUIOTHOCTb naMHTH. 

I^ejiecoo6pa3HO bijiiojihhtb ^yHKUHOHajisHyio 30Hy nnefiKH naMHTH b BHfle 
30 MHorocjiofiHoft crpyKiypij, cocToamefi H3 ^epej^yionmxcH aKXHBH&ix, naccHBHBix h 
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SapBepHHX cnoeB, npn 3tom naccHBHHe cjioh BBrnojmeHH m opramraecKHX, MeTaji- 
jiopraHHHecKHx h HeopraHH^ecKHX MaTepnajioB aBJunomnxca flOHopaMH h/hjih ax- 
qeirropaMH HocHrejiefi 3apjw>B h oGna^aiomux hohhoS h/hjih 3JieicrpoHHOH nposo- 

£HMOCTbK>, a 6apBepHLlft CJIOfi, BBHIOJIHeH H3 MaxcpHanoB c aneKipoHHoft npOBOffH- 
5 MOCTBK) H HH3KOfi HOHHOH npOBOflHMOCTBIO, HTO n03BOJWeT IIOBHCHTB BpeMeHHyiO 
CTa6HJIBHOCTB HHeftKH naMHTH H OAHOBpeMCHHO yBeJIHHHTB HH<j)OpMaiJHOHHyK) HJIOT- 

hoctb 3a cnex 6ojiee bhcokoS AHCKperaocra xpaHHM&ix 3Ha^eHntt bcjihtoh sjieicrpH- 
necKoro conp othbjichmh jpieftKH naMHTH. Taxoe bbhiojihchhc <j)yHKE(HOHajiBHOH 30HBi 
no3BOJiflex C03^aTL MHorocjioftHyio crpyierypy, cnoco6Hyio h3M6hhtb sjieKxpiraecKoe 
io conponiBjieHHe aKTHBHoro cjioh h/hjih o6pa30BtiBaTB BwcoKonpoBOflamHe o6jiacra 

HJIH HHTH C MeraJUIHHeCKOft XIpOBOflHMOCTBK) B aKTHBHOM cjioe noa fleiicTBHeM 

BHenmero ajieiopKHecKoro nojix h/hjih cbctoboto H3JiyHeHHH Ha HHeibcy naMHTH h 

COXpaHHTb 3TO COCTQHHHC HpOAOJOKHTeJIBHOe BpeMH 6e3 IIpHJI03KCHHH BHeiUHHX 3JieK- 

TpmecKHX nojieS. 

15 npeflnoTTHTejibHO bbhiojihhtl 3JieicrpoA HHeifrcii naMHTH b BHAe hcckojibkhx 

pa3AejieHHHX Me^cfly co6oii 3JieMeHT0B, HanpHMep, AByx hjih Tpex sjicmchtob pacno- 

JIO>KeHHBIX H£IA <J)yHKIJHOHaJIBHBIM CJIOeM, HTO n03B0JIHCT 60Jiee TOHHO KOHTpOJIHpO- 

BaTb BenHTOHy sneicipHHecKoro conporaBJieHHH HneftKH, TeM caMbiM iiobbichtl ypo- 
BeHB AHCKpeTHOCTH 3anHCH HH^opMai^HH, jih6o tohhocth b&jihhhhli aHajrorcmoro 
20 3HaTCHHa 3JieicrpHHecKoro conpoTHBjieHEm Hneiocn, a TajoKe no3BOJiaer pa3BH3aTB 
ajieKTpmecKHe uenn 3anHCH h cwraBaHHH HH<|>opMaAHH. 

BtiroflHO bbhiojihhtb aneicrpoA HHefiKH naMHTH b bkrg AByx napanjiejiBHHx 

npOCTpaHCTBCHHO pa3flejieHHB!X nOJiynpOBOflHHKOBUM H/HJIH OpraHHHeCKHM CBCTO- 

H3JiyHaiomHM MaTepnajiOM 3JieMeirroB h oSpasyionpix, HanpHMep, hjih AHOAHyio 
25 crpyierypy, hjih ^oroconpoTHBJieHHe hjih ^OTOHyBCTBHTejiBHBifi 3JieMeHT, hto no 
3B0JweT sjieiopHHecKH hjih onTHHecKH pa3BH3aTB ijenn 3airacH h CHHTOBamiH hh- 
^opMauHH. 

TaiOKe BtiroAHo bbtoojihhtb 3JieicrpoA aneftKH naMHTH b BHfle ipex napari- 
jiejiBHBix npocTpaHCTBCHHO pa3ACJieHHBix noJiynpoBOflHHKOBbiM h/hjih opraHOTie- 
30 ckhm cBeroH3JiyHaiomHM MaTepnaJioM sjicmchtob h o6pa3yiomHx, HanpHMep, cbcto- 
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rajiynaiomyio crpyierypy h <J)OTOconpoTHBJieHHe hjih 4>aTOHyBCTBHrejiBHHfi sjieMeirr, 
hto to>kc no3BOJuier oirraqeoKH pa3BH3arB ueim 3aroicH h CHHTBiBaHHH HH^opMamm. 

Kpancoe onncaHue MepTencefi 

Ha FIG.l- FIG.20 npHBe^eHti BapnaHTBi BsinojineHHa 3aHBjmeMOH HHe&cH na- 

5 mhth: 

- FIG.l - o6maa cxeMa cTpoemw 3aHBMeMOH hmchkh naMjrra c abymh 
cnjioinmiMH sneicipoAaMH h bkthbhoh 4>yHiamoHaJiBHOH 30hoh; 

- FIG.2 - 3a«BjMeMafl HHeinca naMHTH c AByMH ciuioiuhumh 3jieicrpo£aMH h 

OflHOCJIoftHOa <J)yHKDtMOHani>HOii 30HOII; 

10 - FIG.3-8 - 3aaBJineMaH HHefiica naMHTH c AByMH cnnomHBiMH sjieierpoflaMH h 

MHOrOCJlO&JOft (|>yHKI5HOHaJIbHOH 30HOH ; 

- FIG. 9 - 3aflBJiaeMaji jreeifcea naMHTH BBinoraeHa c OAHowioftHOfi <j>yHKijHO- 
HajiBHofl 3oho0, c oahhm cnjiomHHM sjieicrpoAOM, a apyraM 3JioKrpomu COCTOH- 

IUHM H3 AByX 3JieMeHT0BJ 

15 - FIG. 10-1 1 - 3aHBjiHeMan anefhca naMHTH BunoJiHena c MHorocjiotoott 4>yHK- 

UHOHajiBHoii 30Hoii, c oflHHM cnjiomHLiM 3neKrpoAOM, a ApyrHM 3JieicrpoflOM co- 

CTOJUAHM H3 AByX 3JieMeHTOBJ 

- FIG. 12 - 3ara^eM£w HHeifrca naMHTH BHnojraeHa c oflHocJioftHoii <J>yHKimo- 

HaJIbHOfi 30H08 H flByX 3JieKTpOflOB, KaHCflfclft H3 KOTOpHX COCTOHT H3 flByx 3JieMeH- 

20 tob; 

- FIG. 13- 14 - 3aaBjiaeMaH HHeihea naMHTH BuiKwraeHa c MHorocjiofiHoii $yHK- 
UHOHajiBHoE 30Hott h AByx sneicrpoAOB, KaacABift H3 kotopbix coctoht H3 AByx 3Jie- 
mchtob; 

- FIG. 15 - 3aHBJiHeMaa HHeifca naMHTH BBinojiHCHa c oflHocjiofiHoii <j)yHicuno- 

25 HaJIBHOft 30HO&, C OflHHM CnjIOIIIHHM SJieKipOflOM, a J^pyTHM 3JieKTp0fl0M COCTOH- 
muM H3 Tpex 3JieMeHT0B; 
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- FIG. 16- 17 - 3aOTJweMaa jraeifrca naMHTH BunojmeHa c MHorocjiotaofi <|>yHK- 
UHOHansHoft 30Hofi, c o^hhm cnjiomHHM sjieKipoflOM, a ApyruM aneiapoAOM co- 
CTonmuM H3 Tpex aneMeHTOB; 

- FIG. 18-20 - 3aaBjiaeMaa anefiKa naMflro BtmojiHeHa c MHorocjioifHoii <J>yHK- 
onoHajiBHOfi 30Hofl, CHaSaceHHOtt 3JieMeHTaMH 3JieicipHHecKott hjih oirraraecKOH pa3- 

BH3KH; 

- FIG.21 - npejotcraBJieHa cxeivia, noHCHHroman npHmmn 3anncH, crapaHHH h 

CTOTBIBaHHH HH(J)OpMaUITH C 3aHBJIH€M0H IiaMHTO; 

- FIG.22 - npeflcraBJieHH 3inopH HanpHHceHHH h Toxa npn 3airacH, cnipaHHH 

H CTOTMBaHHH HH$OpMaU[HH C 3aJIBJIHeM0ft HHCHKH naMOTH. 

JlynuiHe eapnaHTbi ocymecTBjieiWH inodpereHnn 

3aHBJiaeMafl KHefcca naMHTH (FIG. 1-8) coflepHurr flBa ajnoMHHHCBbix cmiom- 
hhx 3JieicrpoAa 1 h 2, Meamy KOTOpbiMH pacnojio)KeHa oflHocjioifaaH <j))0SKijHOHajiB- 
Haa 30Ha, cocTOHiqaa H3 oflHoro aKTHBHoro cjioh, KoropbiH momcct 6wn> aonnpoBaH 
HOHaMH 3 hjih KJiacTepaMH 3JieioponHTOB (3 a) (FIG. 1-2) hjih p$yx axraBHtix florin- 
pOBaHHux cjioeB 3b h 3c (FIG.3), hjih flByx aKTHBHHX cjioeB c KJiacrepaMH sjieiopo- 
jihtob 3d h 3e (FIG.4), pa3AeneHHHx 6aptepHBiM cJioeM 4. Ha FIG.5-8 ^yHKHHo- 
HaJiSHaa 30Ha BBinoJiHeHa MHorocjiotaoH. cocroHinett H3 oahofo aKTHBHoro cjioh 3 k 
OAHoro naccHBHoro cjioh 5 (FIG.5) hjih H3 OAHoro aKTHBHoro cjioh 3, oflHoro 6aps- 
epnoro 4 h oahotc) naccHBHoro cjioh 5 (FIG.6) hjih H3 flByx aKTHBirax cnoeB 3b h 3c, 
oflHoro 6apBepHoro 4 h oflHoro naccHBHoro cjioh 5 (FIG.7) hjih H3 AByx aKTHBHBix 
cjioeB 3b h 3c, OflHoro SapsepHoro 4 h #Byx naccHBHBix cjioeB 5a h 5b (FIG.8). 

.Ha (FIG.9-11) 3aOTJweMaH HHe&ca naMHTH coflepaorr ajiioMHHHeBHe 3Jieicrpo- 
flbi 1 h 2, npn 3tom BepxHHfi 3Jieiopofl 1 coctoht H3 flByx 3JieMeHT0B la h 1b. Me>Kfly 
ajieicrpoAaMH pacnojioaceHa <f>ymcuHOHajiBHaH ojmocjioHHaH 30Ha, cocronmaH H3 or- 
Horo aKTHBHoro cjioh 3 (FIG.9), hjih MHorocnoftHan (fcyHKimoHajiBHaH 30Ha coctoh- 
meft H3 oflHoro aKTHBHoro cjioh 3 h oflHoro naccHBHoro cjioh 5 (FIG. 10), hjih mhoih> 
cjioitaaH ^yHKipoHajiBHaa 30Ha cocTonmeft H3 oflHoro aKTHBHoro cjioh 3 oahoh) 
. 6api>epHoro cjioh 4 h oflHoro naccHBHoro cjioh 5 (FIG. 11). 
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Ha (FIG. 12-14) npeflcrra&rieHa 3aaBJiaeMan HHemca naMHTH, coflep^aman ajno- 

MHHH6BBIC 3JieKTpO£BI 1 H 2, KaHCflBlft H3 KOTOpBDC COCTOHT H3 flByX 3JICMeHTOB la, lB 

h 2a, 2b. Me^cjQty sjieKipoaaMH pacnonoaceHa <J>yHKimoHajiBHaH oj^HocjioifaaH 30Ha, 
cocroamafl H3 o«Horo aKTHBHoro cjioh 3 (FIG. 12), hjih MHorocjiOHHaa 4>yHKitfio- 
5 HajibHaa 30Ha cocronmea H3 ojmoro aKTHBHoro cjioh 3 h oflHoro naccHBHoro cjioh 5 
(FIG. 13), hjih MHorocjioifaafl $yraamoHajiBHaH 30Ha cocroamett H3 o;moro aicrHBHo- 
ro cjioh 3 oflHoro 6apBepHoro cjioh 4 h oflHoro naccHBHoro cjioh 5 (FIG. 14). 

Ha (FIG. 15-17) 3aHBjineMaH HHeftica naMHTH coaep>KHr ajnoMmraeBBie sjieic- 

TpOflW 1 H 2, IipH 3T0M BepXHHfi 3HeKipOfl 1 COCTOHT H3 TpeX 3JICMCHT0B la, lB H lc. 

io Me^cfly ajieKipoflaMH pacnonoaceHa ^ymopioHajiBHaH ojxhocjiohhbh 30Ha, cocroHmaa 
H3 oflHoro aieraBHoro cjioh 3 (FIG. 15), hjih MHorocjioftHan <J)yHKijH0HajiLHaH 30Ha 
cocTOHmen H3 oj^Horo aKTHBHoro cjioh 3 h oahoid naccHBHoro CJIOH 5 (FIG. 16), hjih 
MHorocjiOHHaa <j>yHKijHOHajiBHaH 30Ha cocTonmeft H3 oahoto aKTHBHoro cjioh 3 or- 
Horo 6apLepHoro cjioh 4 h oahotc) naccHBHoro cjioh 5 (FIG. 17). 

is 3aHBJineMaH nqeSKa naMHra (FIG. 18-20) coflepaafr flBa ajnoMHHHeBBix 

cnnoniHMX 3Jieiopofla 1 h 2, M&Kjsy kotophmh pacnojioaceHa MHorocjiotaaH ^ymc- 
UHOHajiBHan 30Ha 6, KOTopan mo^cct 6bitb BBinojraeHa aHajioniHHo H3o6paaceHHOH Ha 
(FIG.3-8) H CHa6aceHHaH sjiCMCHTaMH sneicipHHecKOH pa3BH3KH - flonojiHHTejiBHtiM 
3jieicrpoAOM 7 k cjiocm 8 ks nojiynpoBO/piHKOBoro h/hjih opraHHHecKoro MaTepnajia, 

20 o6pa3yiomero flHOAHyio cTpyicrypy (FIG. 1 8), hjih sneMeHTaMH onTHHecKoii pa3BH3KH 
- AonojiHHTejiBHBiM sjieKipoflOM 9 H3 3JieicrponpoBOAHmero h oirrHHccKH npo3pan- 
Horo MaTepnajia h cjiocm 10 H3 nojiynpoBOflHHKOBoro h/hjih opramiHecKoro Ma*re- 
pnajia o6pa3yiomero $OTOconpoTHBJieHHe hjih <j)OTOMyBCTBHTejiBHBifi sjieMeirr 

(FIG. 19), HJIH 3JICMCHTBMH OHTHqeCKOfi pa3BH3KH - 3JieKTpOflOM 7, H3IX>TOBJieHHOIX) 

25 H3 ajieicrponpoBOAHmero MaTepnaJia h flByx cjioeB 10, 11 H3 noJiynpoBOflHHKOBBix 
h/hjih opraHHHecKHx MaTepnajiOB pa3,nejieHHBix 3Jieicrpo l D(OM 9, H3roTOBJieHHoro H3 
3JieioponpoBOAHmero h oimreecKH npo3paHHoro MaTepnana h o6pa3yiomHX $oto- 
WtOR hjih CBeroiojiyHaiomyK) crpyicrypy 1 1 h 4>oToconpoTHBJieHHe hjih (JjoTonyBCT- 

BHTCJIBHBIH 3JICMCHT 10 (FIG.20). 
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JIjisi nojicHeHHH npimi^na 3anHCH, CTHpaHna h CHHTUBaHHfl HH<j>opMamra c 
3aHBJweMo2 aneincH naMjrra paccMorpHM cxeiviy, npeAcraBneirayio Ha FIG.21, co- 
Aepacamyio: cneipiajifeHHi! tcctobbih reHepaTop 12, ocHOBaHHuii Ha nporpaMMHpye- 
mom reHepaTope TOKa h o6ecneHHBaiomero KOHipojmpyeMyK) BejrcnmHy TOKa bo 

5 BpeMfl 3airacH HH^opManHH, nocTOKHHoe HanpiDKenne bo BpeMK cwTEiBaHHK, a TaK- 
ace 4)opMHpyK>mero oTpsmaTejiBHue HMnyjiBCH HanpaKeHiw npw cropaHHii; Knefecy 
naMHTH BionoHaiomyio, aaeicrpoflH 1, 2 h (JjyHKUHOHajibHyio 30Hy 6, koTopaa mohcct 
6bTth BHnoJiHeHa b BHfle oflHoro H3 BapnaHTOB npej^cTaBJieHHBix Ha FIG. 1-1 7; Sajuia- 
CTHoro conpoTHBJieHH^ 13 h ycipoficTB jjjm peracrpamra HanpHHceHHa 14 h 15, ko- 

io Topue Moryr 6htb BtuiojiHCHLi b BH^e BOJiBmerpoB, caMormcnteB mm ocmtruiorpa- 
4>ob. H3Mepaa na^erae HanpraceroiH Ha dajuiacraoM conporaBJieHHH 13, mohcho no- 
JiyHHTB MH^opMai^HK) o BejiHTOHe TOKa npoxoflamero nepe3 aneftKy naMjrm. 

YcTpoHCTBO paSoTaeT cjiej^yiomravi o6pa30M. TecroBMft reHepaTop 12 (j)opMH- 
pyeT.HMnyjiBC HanpmeHHH 16 (FIG.22), npeBHinaiomHa noporoBoe 3HaneHHe 23. 

15 Ilociie Toro, i<aK BejiinHHa HMnyjisca TOKa 3anHCH 19 flocrarHeT 3anporpaMMHpo- 
BaHHoro 3HaneHHH, reHepaTop 12 nepexo^HT b pe^HM CHHTWBaHHH h $opMHpyer Ha- 
npjDKeHHe CHHTMBaHiw 18, KOTopoe 3HaHHTeJiBH0 HHace noporoBoro 3HaneHHH 23. 
3anacB CHHTaerca npomBeAeHHoft, ecjm KOHTpojinpyeMaa BeniraHHa TOKa 3arracH 19 
Aocraraer 3anporpaMMHpoBaHHoro 3Ha<ieHHH, nocjie nero npHKnajofciBaeMoe 3JieK- 

20 TpH^ecKoe Hanp^Kemie OTKjnoHaerca. IIo BenHRHHe TOKa 22 (a-d) nepe3 GajuiacTHoe 
conpoTHBJieHHe 13 moecho cymrrb o BejiKrarae conp othbjichhh jpieftKH naMHTH H3TH 
3HaneHHK coup othb jichhS moecho nocraBHTb b cooTBercTBHe c onpeaeJieHH&iM 6h- 
tom HH^opMaipra. TaK, Hanpimep, ajw #Byx 6htoboh xhsPlkk naMjrm: 

- tok 22a cooTBCTCTByer 3HaHeHmo (00); 

25 - TOK 22b COOTBCTCTByCT 3HaHCHHK) (01); 

- tok 22c cooTBCTCTByer 3HaneHHio (10); 

- tok 22d cooTBercTByeT 3HaHeHHK) (1 1). 

Bpeww xpaHCHHH HH^opMamra, a TaioKe h flHCKperHocxb ycTaHOBJierara coot- 

BCTCTByiOIUHX 3HaHeHHH 3JICKTpHHeCK0rO COIipOTHBJieHHH ffHeftKH naMHTH 3aBHCHT OT 
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Bu6opa cTpyiaypbi ^yHKHKOHSJiBHOii 30HU h ncnojnayeMHX MarepHajiOB. Cropaime 
imtipopudmm nporaBOflHTtca reHepaTopoM 12 nyreM noaaHH nwnyjibca aipnuaTejiB- 
Horo HanpKXceHiw 17. Crapairae cHHTaercH npoH3BeAeHHHM, ec/m xoinpoJiHpyeMbie 
BejiHHHHH TOKa CTHpainw 20 AOCTHraeT 3aaaHHoro 3HaneHHH, nocne Hero nprnuiaflu- 
5 BaeMoe oTpimaTejibHoe aneKipmecKoe HanpraceHHe ononoHaercfl. riocjie cTHpamifl 
OTeifoca naMjrrn B03Bpamaerca b HcxoflHoe cocronHHe c ohchl 6ojibmHM ajieKxpurae- 

CKHM COnpOTHBJieHHeM ^yHKUHOHaJILHOH 30HH 6. JJjlX IIpHBefleHHOft Ha FIG.21 

crpyicrypH jraeftKH naMffra, nepe« KaacflMM axTOM 3anncH HH^opMamiH Heo(5xoflHMO 
nepeBecra HMeiiKy namm b ncxoAHoe cocroaHHe, T.e. creperb HMeiomyioca HH(|>op- 
io Manrao. 

Hnace npHBeflemi pa3JiwraHe BapHaimi bbiiiojihchhh 32UBJi5ieMOH jreefiKH na- 

MHTH. 

BapnaHT 1. 

Jfaeifoca naMHTH (FIG. 1,2) coflepacHT TpexcjioftHyio cTpyxxypy, cocTOHmyio H3 
is AByx 3JieicrpoAOB 1 h 2 BunoJiHeHHtix H3 ajnoMHHua, Meamy kotopbimh pacnojioaceH 
nojiH<J>eHitnaueran:eH 3 hjih noraAH4 )eHHJiai ^ eTHJieH flomipoBaHHHH HOHaMH jihthh 
3 a. IIporpaMMHpOBaHHe aneftKH naiwrrH nponcxoflHT npw npHJioaeeHHH HMnyjitca 
sjieicrpiraecKoro nojia, no BejiHHHHe npeBocxoAamero noporoBoe 3Ha^eHHe c oaho- 
BpeMCHHtiM KOHTpojieM npopenaeMoro nepe3 flnefixy 3JieKipiraecxoro TOKa (hjih Be- 

20 JIHHHHbl 3JieiOpHHeCK0r0 COnpOTHBJieHHK, HJIH flJIHTeJIBHOCTH H BeJIHHHHH IIpHJIO- 

KeHHoro HMnyjiBca sjiexTpireecxoro HajrapHacemw). 3airacb cHHTaercji np0H3BeaeH- 
Hoft, ecjiH KOHTpojiHpyeMHe BejiHHHHH (tok hjih conpoTHBJieHHe) wcTHraioT 3a^aH- 
Horo 3HaneHHH, nocne nero npHKJiaw&iBaeMoe 3JiexrpH*iecxoe HanpaaceHHe OTKJuona- 
erca. ^Terae HH^opMamra c OTeiboi nponcxoflHTb npHJioaceHHeM HMnyjiBca 3Jiex- 
25 TpH^ecKoro HanpH>KeKkK c bcjihhhhoh hidkc ero noporoBoro 3HaHerow c ojmoBpe- 
MeHHoii peracrpaipieH BenHHHHH npopexaeMoro Toxa hjih c xompojieM bcjihhhhm 
ajieiopHHecKoro conporaBJieHHH. Crapamie nponcxoflHTb npn nproiOHceHHH oSpax- 
Horo (oTpnuaTejiBHoro) HMnyjibca sjiexTpiraecxoro Hanpaxcerom c oAHOBpeMeHHHM 
xoHTponeM npopexaeMoro nepe3 jreeftiey 3JieKTpHHecxoro Toxa (hjih Bejuranai 3Jiex- 

30 TpHHeCKOrO COnpOTHBJieHHH, HJIH AJDHTeJIbHOCTH H BeJIHTOHbl npHJIOMCeHHOTO HM- 
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nyjiBca ajieKrpjraecicoro HanpjDKeHHfl). CrapaHHe cHHTaerca npoH3BefleHHHM, ecan 
KOHTpojinpyeMue bcjikhkhu (tok hjih conpoTHBneHHe) aocTHraiOT 3aaaHHoro 3Hane- 
hhh, nocne nero npHiuiaAHBaeMoe orpHijaTejiBHoe 3JieierpHHecKoe HanpaaceHHe ot- 
KJHOHaerca. 

5 BapnaHr2. 

Jfaeftica naMCT (FIG.3,4) coaepacHT Tpexcjio&Hyio crpyioypy, cocroKmyio H3 
ppyx ajieicrpoAOB 1 h 2 BunojffleHHBix H3 ajnoMHHKH, Me>K^y KOToptiMH pacnojioace- 
hbi flsa cjioh nojn*<|>eHHJiaijeTHJieHa 3b h 3c hjih noJiHAH^eHMJiauerajieHa flomipo- 

BaHHBIX HOHBMH JIHTHH 3d H 3e, KOTOpBie pa3AeJieHBI HHTpH^OM JIHTHH 4. IlpQrpaM- 

10 MnpoBaHne, HTeHHe h CTHparaie KH<|>opMauHH jree&eH naMHTH npoHcxoflHT MeroaoM, 
onHcaHHMM b BapnaHTe 1. Taxaa jraeifrca xapaKTepH3yeTCH flOJinnvi BpeMeHeM xpaHe- 

HHH HH(J)OpMaiXHH. 

BapHaHr3. 

JfaeftKa naMjrra FIG.5 coaep>KHT Tpexcjioteyio crpyicrypy, cocrojinQao H3 
15 flByx sjieicrpoAOB 1, 2 BBmoJiHCHHBix H3 ajiiOMHHHfl, Meamy KOTopBiMH pacnoncwceH 

CJIOfi H3 OKHCH HJIH HHTpHAa KpCMHHH HJIH IIOJIHCTHpOJia 3 H naCCHBHBlfi CJIOH 5 H3 

xajiBKoremwa mc^h hjih xaJiBKoreHHfla cepeSpa. riporpaMMnpoBaHne, HTera^e h cth- 
paHHe HH^opMamiH zhgvlkr naMOTH npoHCXOjprr mctoaom, onncaHHHM b BapnaHTe 
1. Tanaa HHeto xapaKTeprayercH jjpnnm BpeMeHeM xpaHeHHH HH$opMaipiH. 

20 BapHaHr4. 

Jfcefcca naMOTH (FIG.l) coflep)KHT TpexcjioftHyio crpyioypy, cocTonmyio H3 
flByx sjieierpoflOB 1 h 2 b biuo jih eHHHx H3 ajnoMHHHH, Mexmy KOTOpHMH pacnonoiceH 
cnoft 3 H3 noJiH^eHHJiauenuieHa hjih nojiHAH^eHHJiaiierajieHa, flonHpoBaHHBifi mo- 
jieKynaMH xJiopaHHJia hjih TerpamiaHXHHOAHMeTaHa. JIporpaMMHpoBaHHe, ramie h 

25 CTHpaHHe HH^)OpMaiJHH HHCftKH naMOTH npOHCXO«HTb MeTOflOM, OIIHCaHHEIM B Bapn- 

airre 1. TaKan HHeftxa xapaKreproyercfl SHcrpBiM BpeMeHeM nepewnoHeHKH. 
Bapnanr 5. 

JfoeHKa naMJiTH FIG.5 coflep>KHT TpexcnoHHyio crpyioypy, cocroHmyio H3 
,HByx sjieKipoflOB l h 2 BHnojiHeHHMX H3 ajnoMHHHfl, Me>Kfly KOtopBiMH pacnojioaceH 
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wiofi H3 noimaHHOTHa 3 h naccHBHuft cnon 5 ro mnpuffa najmaaaa. IIporpaMMHpo- 
BaHne, HTCHHe h cTHpaime HH<popMamni meisKH nawrm npoHcxoflrrr MeronpM, 
onHcaHHHM b BapnaHTe 1. TaKaa jrae&ca xapaicreprayeTwi 6mctphm BpeMeHeM nepe- 

KJnOHeHHH. 

BapnaHT6. 

Jfaeftea naMjrra FIG.16 coflepxKr ipexcjioimyio cxpyiciypy, cocroHmyio h3 
«Byx ajieierpoflOB BBmojmeHHHX m ajnoMmuM, npmeM opm ro sneKiponoB (Bepx- 
rafl) BHnojraeH H3 Tpex sneMeirroB la, 1b, lc. OyHKnHOHan&HHfi cjioh 3 coctoht H3 
nojiH(peHHJiauenweHa hjih nojrawH^eHiwaqeTHJieHa a naccHBHoro cjioa 5 xajiwcore- 
rawa hho6ew, floirapoBaHHoro hoh3mh jihthh nan oioh xajiBKoremma Men*. ITpo- 
rpaMMHpoBaraie metim nawrm npc-HcxoflUT npn npiwoHceHHH HMnyjiBca sjieKipn- 
qecKoro nona k HiDKHeMy sneierpoAy 2hk neirrpajn>HOMy sjieMewry BepxHero sneic- 
Tpo^a lc, KOTopoe no BeniriHHe npeBocxc-flwr noporoBoe 3Haiemre 23 c oflHOBpe- 
MeHHHM KoirrpojieM Btxmmiu 3JieieipiniecKoro conpoTHBJiemia Meacay Kpatami 
3Jie M eirraMH BepxHero sjieKipona la h 1b. 3amiCB cwraeTca npoiOBeaeHHOH, ecnn 
KompojmpyeMBie bcjihhhhh sneiopiraecKoro conpoTHBJiemw aocraraioT 3 a^aHHoro 
3HaieHHH, nocne nero npinoiaflBiBaeMoe sneierpireecKoe HanpajKeHne onuiKraeTca. 
HTemie HH<popMamin c aqetoH nponcxonirr MeroflOM H3MepeHHH Bean-mma sneic- 
ipiwecKoro conponiBJieHHH Meacay KpafiHHMH sjieMeirraMH sepxaero saeKipofla la h 
1b c Hcnojit30BaHHeM HMnyjitca sjieKipireecKoro HanpfflKemw Manoft bwiothhbi. 
Orapamie jraeiixH naMjrro nponcxoflwr npn npHnoscemai oSparaoro (cnpimaTejiBHo- 
ro) HMnyjitca sneiapiraecKoro nojw ic rarameMy sneiopofly 2 h k rpmpajiraoMy 
aneMeEny BepxHero aneKipoaa lc c OflHOBpeMemiBiM KOHipojieM BejnwHHH sjkk- 
TpmecKoro conparaBnemw Meagjy KpaHHmiH sneMeirraMH BepxHero aneicrpofla la h 
1b. CrapaHHe cwaercH nporoBefleHHHM, earn KOHTpomipyeMiie BemraHHH (tok 
hjih conpoTHBjieHHe) AocroraioT 3a fl aHHoro SHaneHHa, nocne nero npHKnanuBaeMoe 
oipimaTejiBHoe sjieKipmecxoe Hanpaacemie onunoiaercH. Taxaa anefcca xapaicrepn- 
3yerca 6ojiee bbicokoh HH^opManaoHHon iwothoctbio sa cier pasBasra sneicipHHe- 
ckhx neneft 3 airacH h cwrBiBamw h, kbk cneflctBHe, 6oiiee npenranoHHoro KOHipo- 
jw BemnHHu nporpaMMHpyeMoro sHaiem* BemranHH ajieKipireecKoro conponiB- 
jieHHH HHeibcH nmxm. 



HCnPABOTHhlK MOT (IIPABMO 1 91'.) 
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Bapnairr 7. 

Jfae&ca naMHTH FIG.20 coAepacHT MHorocjioftHyio crpyioypy, cocroamyio H3 
HCTHpex 3JieKipoflOB 1, 2 (h3 ajnoMHHiw), 7 (H3 Manma) h 9 (H3 npoBOAfflnero npo- 
3paraoro OKHcna hhahh). OyHKUHOHajitHan 3craa (6) coaraeTCTByer (j)yHKUHOHaju»- 

5 Hoft 30He FIG. 16 h BBinojiHeHa H3 nonH^emuiauerHJieHa hjih nojiHAH<|>eHHJiaueTH- 
jieHa h naccHBHoro cjioh xantKoreHHAa hho6hh, AonnpoBaHHoro hohsmh jihthji hjih 
cjioh xanLKoreHHfla MeAH. CjioB (11) BtinojiHeH ro nojiH<J)eHHJiBHHHJieHa h npefl- 
cTaBJwer co6oii cBeroH3JiyHaiomyio CTpyioypy. CjioH (10) BbinoJiHeH H3 nojiynpo- 
BOflHHKOBoro hjih opraHHHecKoro Marepnajia h npeacTaBJinex co6oft CBcrcreyBCTBH- 

10 TCJitHyio cTpyicrypy. CBeTOH3JiyqaioiAHa (11) h cBeroHyBCTBHTejiBHHH (10) cjioh 
pa3«ejieHbi sjieicrpoflOM (9) H3 npoBOAHmero h npo3paHHoro OKHcna hhahji. IIpo- 
rpaMMHpoBaHHe h cropaHHe HH<J)OpMaqHH jreeibcH naMHTH npoHCXO^HT mctoaom, 
onucaHHHM b npHMepe 1, nocpeACTBOM npHJioaceHH* HanpaHceHHa k sjieinpoAaM 1 h 
7. HTemie HH^opMaijHH c jreefccH npoHcxoAHr npHJio)KeHHeM HMnyjitca 3JieierpHHe- 

15 cKoro HanpraeeHH* k 3JieKipoAaM 1 h 2 c bcjihhhhoS HHace noporoBoro 3HaneHPW c 
OOTOBpeMeHHOH perHCTpaimeft bcjihhhhbi HanpjDKemifl hjih c KOHTpojieM bcjihhhhbi 
3JieKTpHHecKoro conpoTHBJieHHH Mencfly 3JieicipoAaMH 2 h 9 hjih c KompojieM Bejm- 
hhhbi aneicrpOTecKoro HanpHHcemui MOKAy hhmh, Taica* jraeSica xapaKTepH3yercs 

60Jiee BHCOKOft HH<j)OpMaiJHOHHOH IUIOTHOCTSK) 3a CHCT OUTHHeCKOft pa3BJI3KH 3JICK- 

20 TpireecKHX rjenett 3anHCH h CHHTWBaHHH, hto oSecne^HBaeT Sojiee npeijroHOHHBitt 
KOHTpojiL npoipaMMHpyeMoro 3HaneHHH bcjiothhh sjieKipmecKoro conp othb jichuh 
jraeifecH naMHTH. 

TexHiroecKan npHMeHHMOCTb 

OnHTHLie o6pa3upa 3aaBJiaeMo8 hhchkh naMjrra 6hjih H3roroBJieHia h hciim- 
25 Tami Ha cneimarobHOM ctchac c Hcnojn&OBaHHCM xecTOBoro reHeparopa. Bbijih H3ro- 

TOBJI6HH BapHaHTBI C UeJItHBIMH SJieKipOAaMH H3 aJHOMHHHH, a TaioKe BapHaHTH c 

hciiojib3 ob anncM AByx h Tpex 3JieMeHTHUx ajnoMHHHeBBix sneiopoAOB, Meacay KOTO- 
ptiMH pacnonoMceH nojiHconpH^ceHHua nojmMep nojiHAH^eHHJiaueTHJieH, Aonnpo- 

BaHHBlft HOHaMH JIHTHK. HhxCHKB CJIOH aJHOMHHHfl 6hji HantuieH Ha CTeKJlKHHyK) 

30 noA^ioKKy, a BepxHHtt 3JieiapoA HammajicH Ha cjioh noJiHconpaaceHHoro nomiMepa. 
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HcnojnwyeMHfl nojraconpaxceHHHfi nojmMep BmjepjKHBaer HarpeB no 400°C, hto 
no3BOJwer H3 roTaBJiHB an> 3arojiHeMKe OTefira naMOTH coBMecrao c nporoBOflCTBOM 
nojiynpoBo^HHKOBwx npnGopoB. HcnHTairaaMH fouia aoicaaaHa B03MoacHocn> co3fla- 
hhk jrae&cn naMOTH, no3BOJWK>meH xpamm, Kaic MHoro6nTOByio, TaK h oaho6hto- 
Byio mi$poByK) HH^opMamno, a Taioice ^opMHpoBaTt aHajioroBHe 3HaneHHH bcjih- 
hhh ee ajieicipHHecKoro conporaBjieHUH, wro no3BOJiaer Hcnoji&30Ba*n> ee TaioKe b 
KanecTBe CHHancoB riw HeBpoHHHX ceiefi. 

TaKHM o6pa30M, 3aflBjweMyio jreeaicy naMHTH mojkho CHHTan, npioiimmiajiBHo 
hobum ycipoHCTBOM ajih xpaHemw HH$opMamtH, Kax b ijh^pobom, TaK h b aHajioro- 

BOM BHfle. 
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OOPMYJIA 

1. Jlneinca naMara, coflepacamaa TpexcjiofiHyio crpyicrypy, cocrojnijyio H3 flByx 
ajieicipoflOB, Meacfly kotophmh pacnojioaceHa ^yinaiHOHajisHaH 30Ha, oTJiHHaiomaHCH 
TeM, hto b KanecTBe aneicrpoflOB HcnojnayiOTCH Mexajui h/hjih noJiynpoBOj^nnc h/hjih 
npOBOflHimdi nonHMep h/hjih npoBOflamral: h onrHHecio* npo3pawHe okhcjibi hjih 
cyju»4 )I W M > a ^yHfamonaji&Haa 3ona BHnojiHeHa H3 opraHHHecKHX, MeTajuiopraHHHe- 
ckhx h HeopraHHHecKHX MaTepnajiOB co BcrpoeHHHMH b MOJiCKyjiapHyio h/hjih Kpn- 
crajunwecKyK) crpyioypy pa3JiHHHHMH ranaMH aKTHBHHX OJieMeHTOB, a Taioice hx 
coHeramui ppyr c apyroM h/hjih KJiacrepaMH Ha hx ocHOBe, KOToptie raMeronoT cBoe 
cocrojiHHe hjih nojioaceHHe nofl fleficTBHeM BHeraHero 3jieiapHHecKoro nojia h/hjih 
CBeroBoro mayHemm. 

2. JlHeifaca naMJira no n, 1, oTJinnaeTca tcm, hto ajieierpo;* BtmojiHeH b BH^e He- 

CKOJIBKHX IipO CTp aHCTBeHHO H SJICKTpHHeCKH pa3flejieHHHX Me^Cfly C06ofi 3JieMeHTOB. 

3. ifaeftKa naMHTH no n. 1, 2 OTJiHHaercfl TeM, hto 3Jieicrpofl BtmoJiHeH b BH^e 
flByx hjih ipex pa3fleneHH£ix Meayjy co6oft 3JieMeirroB, pacnojioxceHHbix Hafl 4>yHK- 

IfllOHaJIBHOft 30HOfi. 

4. JlHeinca naMHTH no n.l, OTJimaerca TeM, hto (fryHKimoHajibHaa 30Ha BwnoJiHe- 
Ha H3 aKTHBHoro cjiojj Ha ocHOBe opraHHHecKHY. MeTajLnopraHUHeciajx k neopraHK- 
necKHX MaTepnajiOB c BHeflpemiHMH n o ji o^khtc jilhhmh hjih oipimaTejiBHfciMH HOHa- 

MH, B TOM HHCJie H MOJieKyjIHpHBIMH H0H&MH. 

5. flneifoca naMirra no n.l, OTJiHHaeTca TeM, hto <J>yHKqHOHajiBHaji 3ona BBinojiHe- 
Ha H3 aKTHBHOrO CJIOJI Ha OCHOBe KOMn03HTOB H3 opraHHHecKHX, MeTajinopraHHHe- 
ckhx h HeopraHHHecKHX MaTepnajioB c BHe^peHHMMH KnacTepaMH Ha ocHOBe TBep- 
ffJbSX sjieioppjiHTOB. 

6. ilneinca naMffra no n.l, OTJiHHaerca TeM, hto $y HiojHOHajiBH aa 30Ha BbinojiHe- 
Ha H3 aKTHBHoro cjioji Ha ocHOBe opraHHHecKHX, MerajuiopraHHHecKHx h HeopraHH- 
necKHX MaTepnajioB c BHej^p enHBiMH MoneicyjiaMH h/hjih HOHaMH c sneicrpHHecicHM 

AHnOJIBHBIM MOMeHTOM. 

7. flnefoca naMHTH no n.l, oTJiHHaerca tcm, hto 4>yHKUHOHajiBHaa 30Ha Bunojrae- 
Ha H3 aKTHBHoro cjioji Ha ocHOBe KOMno3HTOB H3 opraHHHecKHX, MeTajmopraHHHe- 
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ckhx n HeopraHHqecKHx MaTepnajiOB c BHe^peHHHMH KJiacTepaME Ha ocHOBe TBep- 
aMx nojMMepHHx h HeopranHqecKHx $eppo3JieKipHKOB. 

8. Jfaeifoca naMjrm no n.l, OTJureaeTca TeM, hto ^yHKUHOHanBHafl 30Ha BunojiHe- 
Ha H3 amrBHoro cjioa Ha ocHOBe opraHHHecKHx, MerajuiopraHHHecKHx h HeopraHH- 

5 necKHx MaTepnajiOB c BHe^eHHHMH flOHopHUMH h aKqeirropHHMH MOJiexyjiaMH. 

9. jtee&ca natarra no n.l, OTJiaraaercja tcm, hto 4>yHKUHOHajn>Hfim 30Ha BHnojnie- 
Ha H3 aKTHBHoro cjioa Ha ocHOBe opraHiwecKHX, MeTajuiopramraecKHX h HeopraHH- 
MecKHX MaTepnajiOB c BHejotp chhlimh opraHireecKHMH h/hjih HeopraHHHecKHMH cojih- 

MH H/HJIH KHCJIOTaM H/HJIH MOJieKyjiaMH BOflH. 

10 10. ifoefiKa naMJiro no n.l, OTJiHHaercji TeM, hto 4>yHKUHOHajiBHafl 3ona BBinojme- 
Ha H3 aKTHBHoro cjiofl na ocHOBe opraHBraecKHX, MenuiJiopraHHHecKHX h HeopraHH- 
necKHx MaTepnajiOB c BHeflpeHHHMH MOJieKynaMH, KOTOpEie MoiyrflHccoimnpoBaTb b 
3JieKipHHecKOM nojie h/hjih noa acKctbhcm cBeroBoro ronyneHHH. 

11. jlnefcca naMara nq n.l, OTJiKHaerca TeM, hto ^yHKi^HOHajiBHan 30Ha BBinojiHe- 
15 Ha H3 aKTHBHoro cjioh Ha ocHOBe opraHHMecKHx, MerajuiopraHHHecKHx h HeopraHH- 

necKHx MaTepnajiOB c BHe/jpeHHHMH HeopraHHHecKHMH h/hjih MeTaJuiopraHHHecKH- 

MH, H/HJIH OpraHHHeCKHMH COJWMH, h/hJM MOJieKyJiaMH C nepeMeHHOfi BajieHTHOCTBK) 

MerajuioB hjih aTOMapHHX rpynn bxoahhxhx b hhx. 

12. flnefiKa nam-m no n. 1, oTJiHHaercH TeM, hto <|>yHKUHOHajibHafl 30Ha BBinoji- 
20 HeHa H3 aKTHBHoro cjio* Ha ocHOBe opraHHHecKHX, MeTajuiopramnecKHx conpjDKeH- 

HHX nOJIHMepOB CO BCTpoeHHHMH B OCHOBHyK) lieilB H/HJIH npHCOejJHHeHHBlMM K Ije- 

rm hjih nnocKocTB h/hjih BcnpoeHHHMH b CTpyiaypy aicmBHBiMH 3JieMeHTaMH o6pa- 
3yioiimMH hjih He o6pa3yK)mHMH cBeTOH3Jiyqaiomyio crpyiaypy. 

13. JlnefiKa naMJiTH no n.l, OTjiuqaeTCH TeM, hto b KaHecrae c^yHxipiOHajiBHOH 30- 
25 hli HcnojiB3yercH MHorocjiouHaa crrpyierypa, cocToamaa H3 hcckojibkhx cnoeB pa3- 

jihhhhx bkthbhhx cjiocb BHnojiHeHHHX H3 opraHHHecKHX, MerajinopraHHHecKHX h 
HeopraHHHecKHX MaTepnanoB co BCTpoeHHHMH b MOJieKyjurpHyio h/hjih KpHcrajuiH- 
Hecicyio crpyicrypy aicraBHHMH sJieMeirraMH h/hjih KJiacrepaMH Ha hx ocHOBe, koto- 
pue H3MeHaioT CBoe cocroHHHe hjih nojiOTKeiwe nofl aeficrBHeM BHeumero aneiopH- 
30 necKoro nojis h/hjih CBeroBoro H3Jiy Hernia. 
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14. flHeftca naMHra no n. 13 OTjnwaercfl tcm, hto b KanecrBe ^yraapioHajiBHofi 
3ohm HcnoJiB3yerc^ MHorocjiofiHaa crpyioypa, cocroamafl H3 hcckojibkhx aKTHBHBix, 
naccHBHiix, CaptepHux, CBerorojiynaiomHX h $ OTonyBCTBHTe jibhbix cjioeB, npa 3T0M 
Mexwy h pa3^eneHHHX Meacay coGofi sJieKipoflaMH cjioeB pa3JiHHHHX aicrHBHiax cjio- 
5 eB BrnioJiHeHHux H3 opraHmecKHx, MeTajiJiopraHHHecKHX h HeopraHHHecKHx Maxe- 
pnaJiOB co BcrrpoeHHMMH b MOJieKyjiapnyio h/hjih KpncrajiJiHHecKyK) crpyKiypy aK- 

THBHHMH 3JICMCHTaMH H/HJIH KJiaCTCpaMH Ha ICC OCHOBe, KOTOpHe H3MeHHK)T CBOe CO- 

ctokhhc hjih nojioaceHHe no# fleiicTBHeM BHenraero aneierpHHecKoro nojm h/hjih CBe- 
TOBoro mnyHtma. 

10 15. ^He&ca naMirra no n.n. 14 orjiHHaiomeecH TeM, hto b KanecrBe 4>yHKmiOHaji&- 
Hofi 30HM Hcnojiwyerca MHorocjioimaji CTpyicrypa, cocToamafl H3 Hepeayiomnxca 
aKXHBHux h naccHBHLix h GapBepirax cnoeB, cHaSEceHHBix 3JieMeHTaMH oirrHHecicoS 

HJIH SJieKTpHHeCKOft pa3BJI3KH. 

16. flneftKa naMATH no n. 14, OTJiHHaiomeeca TeM, hto naccHBHHe cjioh Bunojme- 

15 HHH3 OpraHHHeCKHX, MCTaJUIOpraHRHeCKHX H HeopraHHHeCKHX MaTCpHaJIOB OTJHIK)- 

upixcH AOHopaMH h/hjih aKueirropaMH HOCHTejien 3apHflOB h oSjiaflaiomnx hohhoH 
h/hjih aneicrpOHHoa npoBo^HMOCTBio. 

17, -SneHKa naMara no n.14, OTjmnaiomeecH tcm, hto 6apBepHwfi cjioii, BtinojiHeH 

H3 MaTepHaJIOB C 3JieKipOHHOH IipOBOOTMOCTBK) H HH3KOfi HOHHOfi npOBO £HM OCTBK) . 

20 18. -Hnefiica naMHTH no n.14, OTJiHHaercH tcm, hto b KaHecrae (J>yHKijHOHajn>Hofi 
30hbi HcnojiKjyeTca AByxcnoiteaa crpyicrypa cocTO^man H3 aKTHBHoro h naccHBHoro 
cjioeB. 

19. -flneifoea naMHTH no n. 14, orjiKHaeTca TeM, hto b KanecrBe <f>yHKUHOHan&HOfi[ 
3ohbi HcnojiB3yeTCH flByxcnoftHa^ crpyKtypa, o^m cjioB BtraojiHeH H3 opraHHHeciaix 

25 MeTaJuiopraHHHecKHx h HeopraHHHecKHx MaTepnajioB h o6jiaflaer HH3KOfi ajieicrpoH- 

HOfi npOBOAHMOCTBK), aBTOpOft HBJIHeTCfl naCCHBHBIM CJIOeM. 

20. ilHefiKa naMHTH no n. 14 OTJiHHaercH tcm, hto b xanecrBe $yHKUHOHajibH0fi 
3ohm ncnojiB3yeTCH TpexcnoiiHaa crpyicrypa c HapyacHBiMH cjiohmh, BHnojiHeHHBiMH 

■ H3 aKTHBHUx cjioeB h 6apsepHoro cjioh pacnojioaceHHoro Meacfly hhmh. 
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21. ifaeftKa naMHTH no n. 14, OTjnraercH tcm, <m> b KaHecrae 4>yHKimoHajibHoft 
30HH HcnoJH»3yeTCJ3 Herrapexcjio0HaH cxpyicrypa c jjpyMSi aicraBHHMH cjiohmh, koto- 
pHe pa3AeneHH TpersuM 6aptepraiM cjioeM, a HexBepTHH otjihctch naccHBHHM cjio- 
eM. 

5 22. Jfaelfeca naMHTH no n, 14 oraOTaercH tcm, hto b KanecrBe <|>yHKUHOHajiBHoli 
30hli Hcnojn>3yeTCJ! nHTHCJioitaafl crpyioypa c ppym h apy >khlimh naccHBHHM cjioji- 

MH H paCnOJIO^CeHHHMH Me)K«y HHMH flByMH aKTHBHBIMH CJIOHMH, KOTOpBie pa3flejie- 

hbi nHTOM 6aptepHUM cjioeM. 

23. Jfaefiica naMHTH no n. 15, oraHHaeTCH tcm, hto sneMeirra sJieierpHHecKofi pa3- 
10 BA3KH BHnojraeH b Bi«e flonojiHHTejiBHoro sjieierpofla H3roroBJieHHoro H3 3Jieiopo- 

iTpoBOflamero MaTepnajia h cjioh H3 nonynpoBOflHHKOBoro h/hjih opraHnnecKoro Ma- 
TepHajia o6pa3yiomHx flHOflHyio cipyiaypy . 

24. Jfae&ca naMnro no n. 15, OTJureaercH tcm, hto sjieMeimi onraHecKOH pa3BH3- 
kh BBinojiHeH b BHfle flonoJiHHTCJibHoro 3JieiopoAa H3roTOBJieHHoro H3 ajieKTponpo- 

15 Bo^Hmero h orroraecKH npo3paHHoro MaTCpnaJia h cjioh H3 noJiynpoBOflHHKOBoro 
h/hjih opraHHHecKoro Ma-repnajia o6pa3yiomHX hjih ^OTOConponiBJieHHe hjih $oto- 

HyBCTBHTeJIBHHft 3JI6MCHT. 

25. ifaeftica naMHTH no n. 15, OTraraaercH tcm, hto 3JieMeHTi>i onraHecKoii pa3BH3- 
kh BBinojiHeH b BH#e aonojiHHTCJiBHoro 3Jieiapofla roroTOBJieHHoro ro 3Jieicrponpo- 

20 BOflHiijero MaTepHana h flByx cnoeB H3 nojiynpoBOflHHicoBBix h/hjih opraHmecKHx 
MaTCpnajioB pa3fleJieHHBix BToptiM flononmfrejibHbiM SJieicrpoaoM H3roTOBJieHHoro 
H3 sjieicrponpoBOflflmero h oirmqecKH npo3paHHoro MaTepnajia h o6pa3yiomHX $0- 
TOAHOfl hjih CBeTOH3JiyHaK>myio cTpyioypBi h 4>oT0ConpoTHBJieHne HJIH ^OTO^yBCT- 

BHTCJIBHHii 3JieMCHT« 
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FIG. 4 
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•c, \ Peri fivji [pom 

A MEMORY CELL 

The Engineering Field 

The invention is in the field of Computer Engineering and can be used in memory 
devices for various computers, in developing associative memory systems, in creating 
synapses (electric circuit elements with programmable electric resistance) for neuronal 
nets, in developing data banks with direct access, and in developing a new generation of 
video and audio equipment. 

The Existing Technology 

The modern computers use memory devices of various purposes with different 
characteristics of writing speed, storage time, access time, and reading speed. This 
substantially complicates computer systems operation, increases computer start up time 
and complicates the data storage function. 

One of the priority tasks in the microelectronics field is to create a universal 
memory system that would have high write and read speeds along with long storage time 
and high data density. In addition there is a great need in creating a simple and effective 
synapse element for neuronal computers. The lack of such an. element holds back 
creation of true neural computers. 

At the same time, the potential capabilities of the physical principles on which the . 
modem electronic, equipment is. based are practically exhausted. Under way now is 
intensive research work aimed at finding new principles for electronic equipment . 
functioning and manufacturing based on the ideas of molecular electronics with use of 
molecular materials and supromolecular ensembles. 

Articles [1] and [2] contain analysis of possibilities for using the phenomenon of 
electronic structural instability of small conducting systems sis the physics principle on 
the basis of which it is possible, in particu'.v, to develop memory devices of a new 
generation. The work discusses the theoretical fundamentals of this phenomenon and 
analyses the conditions and parameters defining its characteristics. It also contains data 



1 



on one-dimensional molecular structures as well as discusses the features of the structural 
instability and analyses possibilities for static and dynamic control of one-dimensional 
system conductivity. 

The above mentioned physical principle opens prospects for designing memory 
devices based on new mechanisms of data storing and transformation as well as on. 
selecting new materials. It seems quite apparent that the potential possibilities of 
molecular electronics will be discovered on a greater scale with development of neuronal 
nets consisting of neurons connected by electro active synapses. Using the molecular 
electronics methods to develop artificial neurons and various types of sensors connected 
in a common net will open a way to realize all potential possibilities implied in the 
neurocomputer ideology, will allow to create an essentially new type of information 
processing and computer systems and come close to resolving the problem of creating 
artificial intelligence. 

There is a known device containing memory cells that can be used for storing 
information (see US PATENT 6055180, International Classification Gl 1C 1 1/36, 2000). 

The main disadvantage of the known device is that it allows writing information 
only once. Moreover, the information reading is done by optical methods. Using optical 
devices makes memory equipment bigger and more complex and also lowers reading 
reliability because it is difficult to position optical ray. A different writing method 
described in this patent uses the thermal breakdown effect caused by applying high 
voltage. A disadvantage of this writing method is that it also allows to record 
information only once and requires using high voltages of the electric field. 

There is a known memory cell with a three-layer structure consisting of two 
electrodes with a high temperature molecular compound placed between them (see Patent 
JP 62-260401, International Classification H01C 7/10, C23C14/08, HOiB 1/12, 1990, 
and article [4]). The known memory cell uses the principle based on changing electric 
resistance of the molecular compound by applying an external electric field. The 
molecular substance conductivity can be at two very different levels, which allows it to 
store one bit of information. 



2 



The main shortcomings of the known memory cell are the low operation speed 
caused by long time needed to switch the resistance and the high voltage (about 60 v). 
These shortcomings significantly limit the usage of this cell in modem electronic devices. 

There is also a known memory cell with a three-layer structure consisting of two 
electrodes between which there is a low temperature molecular compound (see US Patent 
465894, International Classification H01L 29/28, 1987, and article [3]). This memory" 
cell operation is also based on switching electric resistance of the molecular compound 
by applying an external electric field. However, this device, unlike the one described 
above, shows characteristically short resistance switch time and low operating voltages. 

The main disadvantages of this known technical solution are as follows. First, it is 
impossible to combine the existing semiconductor manufacturing technology with the 
suggested memory cell manufacturing technology because the low temperature molecular 
compounds used in the memory cell are mechanically and, what is more important, 
thermally, not resistant enough and are able to withstand temperatures only up to 150C. 
This makes it impossible to use them with the modem semiconductor manufacturing 
technologies where temperatures up to 400C are used. 

Secondly, the known memory cell can store only one bit of information, which 
prohibits its use in developing devices with high information density. 

In addition, the physical characteristics of the materials used make the 
repeatability of the write-read-erase cycle unsatisfactory. 

All memory cells discussed above as well as the. memory cells of this type known 
in literature have one common shortcoming: they can store only one bit of information. 

The Invention Disclosure 

The invention is based on the problem of creating an essentially new type of 
memory cell which would be capable of storing several bits of information, would have 
short resistance switch time and low operating voltages and at the same time would allow 
to combine its manufacturing technology with that of the modem semiconductors. 



This problem is resolved as follows. The memory cell has a three-layer structure 
consisting of two electrodes with a functional zone between them. This is achieved by 
making the electrodes out of a metallic and/or semiconductor and/or conductive polymer 
and/or optically transparent oxide or sulphide material, making the functional zone out of 
organic, metalorganic arid non-organic materials, with different types of active elements 
built into the materials 1 molecular and/or crystalline structure, as well as by combining 
the materials with each other and/or with clusters based pn them that change their state or 
position under influence of an external electric field and/or light radiation. 

The described memory cell structure allows creating a memory element with 
single bit and multi-bit information writing, storing and reading methods. At the same 
time information is stored as the functional zone resistance value. For a memory cell with 
single bit storing mode the resistance value has two levels: high (e.g. representing 0) and 
low (e.g. representing 1), while for a memory cell with multi-bit storing mode the 
resistance value has several levels corresponding to specific bits of information. For 
example, for a two-bit cell there are four levels of its resistance, for a four-bit cell - 
sixteen levels, and so forth. The memory cell is advantageously distinctive of the 
currently used elements in that it does not require non-interrupted power supply while 
storing information. The information storage time depends on the memory cell structure, 
on material used for the functional zone, and on recording mode. The time can vary from 
several seconds (can be used for dynamic memory) to several years (can be used for long 
term memory, such as Flash memory). 

It is beneficial to implement the memory cell functional zone consisting of an 
active layer based on organic and metalorganic conjugate polymers with active elements 
built into the main circuit and/or connected to the circuit or to the plane and/or built into 
the structure, with the elements forming or not forming a light emitting structure, or of an 
active layer based on organic, metalorganic land non-organic materials with instilled 
positive.br negative ions, including molecular ions, and/or with instilled clusters based on 
solid electrolytes or with molecules and/or ions with an electric dipole. element, and/or 
with clusters based on solid polymer and non-organic ferroelectrics, and/or with donor 
and acceptor molecules, and/or with organic and/or non-organic salts and/or acids and/or 
water molecules, and/or with molecules which can dissociate in an electric field and/or 
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under , light radiation, and/or with non-organic and/or metalorganic and/or organic salts 
and/or molecules with variable valency of metals or atomic groups they contain. The 
described implementation of the functional zone allows to create a structure capable of 
changing the active layer resistance and/or forming high conductivity areas or lines in the 
active layer.under external electric and/or light' radiation effect on the. memory cell and 
retaining this state for a long time without applying external electric fields. 

For one of the active elements of the memory cell active zone it is quite effective 
to use molecules and/or ions with electric dipole element and/or with instilled clusters 
based on solid polymer and non-organic ferroelectrics, to ensure operation of the memory 
cell with low applied voltage. This is due to the fact that presence of the ferroelecric 
elements increases the internal electric field intensity and consequently requires 
application of lower external electric voltage for writing information. 

There are interesting prospects in implementing the functional zone as sf~ 
multilayer structure consisting of several layers with various levels of activity, 
implemented, for example, out of organic, metalorganic and non-organic materials whose 
molecular and/or crystalline structure will have instilled active elements and/or clusters 
based on them, which will change their state under external electric field or light 
radiation influence, which allows to widen the range and quantity of electric resistance 
levels therefore increasing the memory data density, 

It is advisable to implement the functional zone as multilayer stricture with 
alternating active, passive and barrier layers, where the passive layers are be made of 
organic, metalorganic and non-organic materials which are donor and/or acceptor charge 
carriers and possess ion and/or electron conductivity, while the barrier layer is made of 
material with high . electron conductivity and low ion conductivity, which allows to 
improve the memory cell stability over time at the same time increasing data density due 
to increasing the quantity of the stored values of the memory cell electric resistance. 

It is preferable to implement the memory cell's electrode in form of several 
separate elements, for example two or three elements placed above the functional layer, 
which will permit more precise control the value of the cell electric resistance, therefore 
improving the quantity of information recording or the memory cell electric resistance 
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analog values precision, as well as allows to decouple the information writing and 
reading electric circuits. 

It is advantageous to implement the memory cell electrode in the form of two 
elements separated in space by a semiconductor and/or organic light emitting material 
and forming, for example, either a diode structure, or a photo resistance or a photo sensor 
element, which allows to decouple the information writing and reading electric circuits 
electrically or optically. 

It is also advantageous to implement the memory cell electrode in the form of 
three parallel elements separated in space t>y a semiconductor and/or organic light 
emitting material and forming, for example, a light emitting structure and a photo 
resistance or a photo sensor element, which allows to decouple the information writing 
and reading electric circuits optically. 

An Outline Description of Drawings 

Figures 1 through 20 show options of implementing the claimed memory cell: 
- Figure 1: A general outline of the claimed memory cell structure with 

two continuous electrodes and an active functional zone. 

Figure 2: The claimed memory cell with two continuous electrodes and 

a single layer functional zone. 

Figure 3 - 8: The claimed memory cell with two continuous electrodes 
and a multilayer functional zone, 
. - Figures 9: The claimed memory cell implemented with a single layer 

functional zone, one continuous electrode and one electrode consisting 
of two elements. 

Figures 10 - M: The claimed memory cell implemented with a 
multilayer functional zone, one continuous electrode and one electrode 
consisting of two elements. 

Figure 12: The claimed memory cell implemented with a single layer 
functional zone and two electrodes, each consisting of two elements. 
Figure 13-14: The claimed memory cell implemented with a multilayer 
functional zone and two electrodes, each consisting, of two elements. 
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Figures 15: The claimed memory cell implemented with a single layer 
functional zone, one continuous electrode and one electrode consisting 
of three elements. 

Figure 16-17: The claimed memory cell implemented with a multilayer 
functional zone and two electrodes, each consisting of two elements: . 
Figure 18 - 20: The claimed memory cell implemented with a multilayer 
functional zone with elements of electric or optical decoupling. 
Figure 21: A diagram explaining the principles of information write, 
erase and read operations for the claimed memory cell. * 
Figure 22: Voltage and current waveforms of information write, , erase 
and read operations for the claimed memory cell. 

The Best Options for Implementing the Invention 

The claimed memory cell (Figures 1 through 8) contains two continuous 
aluminum electrodes 1 and 2 between which there is a single layer functional zone 
consisting of one active layer which can be doped by ions 3 or electrolyte clusters 3a 
(Fig. 1 - 2) or two active doped layers 3b and 3c (Fig. 3) or two active layers with 
electrolyte clusters 3d and 3e (Fig. 4) separated by a barrier layer 4. Figures 5 through 8 
show the multilayer functional zones, consisting of one active layer 3 and one passive 
layer 5 (Fig. 5) or of one active layer 3, one barrier layer 4 and one passive layer 5 (Fig. 
7) or of two active layers 3b and 3c, one barrier layer 4 and two passive layers 5a and 5b 
(Figure 8). 

In Figures 9 through 1 1 the claimed memory cell contains aluminum electrodes 1 
and 2 where the top electrode 1 consists of two elements la and lb. Between the 
electrodes there is a single layer functional zone, consisting of one active layer 3 (Figure 
9) or a multilayer functional zone consisting of one active layer 3 and one passive, layer 5 
(Figure 10) or a multilayer functional zone consisting of one active layer 3, one barrier 
layer 4 and one passive layer 5 (Figure 1 1). 

Figures 12 through 14 rhow the claimed memory cell that has aluminum 
electrodes 1 and 2, each consisting of two elements, la and lb and 2a and 2b, 
respectively. Between the electrodes there is a single layer functional zone, consisting of 
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one active layer 3 (Figure 12) or a multilayer functional zone consisting of one active 
layer 3 and one passive layer 5 (Figure 13) or a multilayer functional zone consisting of 
one active layer 3, one barrier layer 4 and one passive layer 5 (Figure 1 5). 

Figures 15 through 17 show the claimed memory cell, that has aluminum 
electrodes 1 and 2, where the top electrode 1 consists of three elements la, lb and lc. 
Between the electrodes there is a single layer functional zone, consisting of one active 
layer 3 (Figure 15) or a multilayer functional zone consisting of one active layer 3 and 
one passive layer 5 (Figure 16) or a multilayer functional zone consisting of one active 
layer 3, one barrier layer 4 and one passive layer 5 (Figure 17). 

The claimed memory cell in Figures 18 through 20 has two continuous electrodes 
1 and 2 between which there is a multilayer functional zone 6 which can be implemented 
similar to the one shown in Figures 3 through 8 and equipped with electric decoupling 
elements: an electrode 7 and a layer 8 made of a semiconductor or organic material 
forming a diode structure (Fig. 18), or with optical decoupling elements: an additional 
electrode 9 made of an electro conductive and optically transparent material and a layer 
10 made of a semiconductor and/or organic material forming a photo resistance or a 
photo sensor element (Fig.. 19), or with optical decoupling elements: an electrode 7 made 
of and electr o conductive mate rial and two layers 10 and 11 made of semiconductor 
and/or organic materials, separated with an electrode 9 made of electro conductive and 
optically transparent material and forming a photodiode or a light emitting structure 11 
and a photo resistance or a photo sensor element 1 0 (Fig. 20). 

To explain the principles of write, erase and read operations with the claimed 
memory cell let us look at the diagram shown in Figure 21 and containing: a special test 
generator 12 based on a programmable current generator and providing controllable 
current level during information recording and constant voltage during reading, and also 
forming negative pulses during erasing; a memory cell including electrodes 1 and 2 and a 
functional zone 6 which can be implemented as one of the options shown in Figures 1 
through 17; a ballast resistance 13 and voltage registering devices. 14 and 15 which can 
be implemented as voltmeters, recorders or oscillographs. The values of the current 
flowing through the memory cell are obtained by measuring voltage on the ballast 
resistance 13. 
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. The device operates as follows. The test generator 12 forms a voltage pulse 16 
(Fig. 22), which exceeds the threshold value 23. After the writing current pulse value 19 
reaches the programmed level, the generator 12 switches to the reading mode and forms 
reading voltage 18, which is significantly, lower than the threshold value 23. The write 
operation is considered completed if the controlled writing current value 19 reaches the 
programmed level; after which the applied voltage is switched off. Based on value 22 (a- 
d) of the current flowing through the ballast resistance 13 the value of the memory ceil 
resistance can be estimated and these resistance values can be corresponded to a specific 
bit of information. For example, for a two bit memory cell: 

- Current 22a corresponds to value (00); . 

- Current 22b corresponds to value (01); 
• Current 22c corresponds to value (10); 

- Current 22d corresponds to value (11). 

The information storage duration as well as the quantity of the corresponding 
memory cell electric resistance values depends on the selected functional zone structure 
and materials used. Erasing of the information is done by the generator 12 by sending a 
negative voltage pulse 17. The erase operation is considered completed if the controlled 
erasing current value 20 reaches the preset level and then the applied electric voltage is 
.switched off After the erase operation the memory cell returns to the initial state with 
very high resistance of the functional zone 6. For the memory cell structure shown in 
Fig. 2, before each write operation it is necessary to turn the cell into its initial state, that 
is erase the recorded information. 

A number of options for implementing the claimed memory cell follow below. 

Option 1. 

The memory cell (Figures 1 and 2) has a three-layer structure, consisting of two 
aluminum electrodes 1 and 2, between which there is polyphenil acetylene 3 or 
polydiphenil acetylen doped with lithium ions 3a. The memory cell programming is done 
by applying an electric field pulse greater than the threshold' value with simultaneous 
control of the current flowing through the tell (or the resistance value or the duration and 
value of the of the applied voltage pulse). A write operation is considered completed if 
the controlled values (current or resistance) reach the preset level, after which the applied 
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voltage is switched off. Reading of the information is done by applying an electric 
voltage pulse lower than its value with simultaneous recording of the current value or 
controlling the resistance value. Erasing takes place when a reverse (negative) electric 
voltage pulse is applied with control of the current flowing through the cell (or the 
resistance value or the duration and value of the of the applied voltage pulse). An erase 
operation is considered completed if the controlled values (current or resistance) reach 
the preset level, after which the applied negative voltage is switched off. 
Option 2, 

The memory cell (Figures 3 and 4) has a three-layer structure, consisting of two 
aluminum electrodes 1 and 2, between which there are two layers of polyphenil-acetylehe 
3b and 3c or two layers 3d ind 3e of polydiphertil acetyieifcdoped with lithium ions, 
separated by lithium nitride 4. The memory cell information programming, reading and 
erasing are done using the method described in Option 1. This cell is capable of storing 
information for long time periods. . 

Option 3. 

The memory cell (Figure 5) has a three-layer structure, consisting of two 
aluminum electrodes 1 and 2, between which there is a layer of silicon oxide or silicon 
nitride or po\y^^&3 and a passive layer 5 of copper or silveAialcogenide. The memory 
cell information programming, reading and erasing are done using the method described 
in Option 1. This cell is capable of storing information for long time periods. 

Option 4. 

The memory cell (Figure 1) has a three-layer structure, consisting of two 
aluminum electrodes 1 and 2, between which there is a layer 3 of polyphenil-acetylene or 
of polydiphenil acetylene doped with molecules of chloranil or tetracyano-quino- 
dimethane. The memory cell information programming, readings and erasing are done 
using the method described in Option 1 . Fast switching is a characteristic of this cell. 

Options. 

The memory , cell (Figure 5) has a three-layer structure, consisting of two 
aluminum electrodes 1 and 2, between which there are a polyanyline layer 3 and a 
passive palladium hydride layer 5. The memory cell information programming, reading 
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and erasing are done using the method described in Option 1. Fast switching is a 
characteristic of this cell. 
Option 6. 

The memory cell (Figure 16) has a three-layer structure, consisting of two 
aluminum electrodes where one of the electrodes (top) is made of three elements la, lb 
and lc. The functional layer 3 consists of polyphenil-acetylene or polydiphenil acetylen 
and a passive layer 5 made of niobium halcogenide doped with lithium ions or of copper 
halcogenide. The memory cell information programming is done by applying an electric 
field pulse to the bottom electrode 2 and to the middle element of the top electrode lc. 
The piilse value exceeds the threshold level 23. At the same time the electric resistance 
between the end elements la and lb of the top electrode is controlled. The write 
operation is considered completed if the controlled electric resistance values reach the 
preset level and then the applied_electric voltage is switched off. Reading the information, 
from the cell is done by measuring electric resistance between the end elements la and lb 
of the top electrode using low voltage pulses. Erasing the memory cell is done by 
applying a reverse (negative) electric field pulse to the bottom electrode 2 and the middle 
element of the top electrode lc with simultaneously controlling the resistance between 
the end elements la and lb of the top electrode/ The Erase operation is considered 
completed when the controlled values (current or resistance) reach the/preset level and 
then the applied negative voltage is switched off.. This cell has a greater information 
density due to decoupling of the write and read circuits,, and consequently - a more 
precise control of the programmed memory cell electric resistance value. 

Option 7. 

The memory cell (Figure 20) has a multilayer structure, consisting of four 
electrodes 1, 2 (made of aluminum), 7 (made of magnesium), and 9 (made of conductive 
transparent indium oxide), the functional zone 6 corresponds to the functional zone in 
Fig. 16 and consists of polyphenil-acetylene or polydiphenil acetylen and a passive layer 
made or niobium halcogenide doped with lithium, ions or of copper halcogenide. Layer 
11 is made of polyphenil vinylene and forms a light emitting structure. Layer 10 is made 
of a semiconductor or an organic material and is a light sensor structure. The light 
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emitting (11) and the light sensing (10) layers are separated by the electrode 9 made of 
conductive and transparent indium oxide. The memory cell information programming 
and erasing is done using the method described in Option. 1, by applying voltage to 
electrodes 1 and 7. Reading is done by applying a voltage pulse, which is lower than the 
threshold value to. electrodes 1 and 2, with simultaneous control of resistance or voltage 
between electrodes 2 and 9. This cell has a greater information density due to optical 
decoupling of the write and read circuits, which provides for a more precise control of the 
programmed memory cell electric resistance value. 

Technical Usability 

Prototypes of the claimed memory cell were built and tested with a special test rig 
using a test generator. Options with continuous aluminum electrodes were built as well 
as the options using two or three aluminum electrodes with poly-conjugate polymer 
polydiphenil acetylen doped with lithium ions placed between the electrodes. The 
bottom aluminum layer was sprayed on a glass substrate while the top electrode was 
sprayed on the poly-conjugate polymer layer. The poly-conjugate polymer used 
withstands heating to 400C, which allows manufacturing the claimed memory cells 
together with manufacturing semiconductor devices. The tests proved the possibility of 
creating a memory cell capable of storing multi-bit digital information as well as of 
forming analog values of its electric resistance levels, thus also permitting its usage for 
active synapses in neuronal nets. Therefore the claimed memory cell can be considered 
an essentially new device for storing information in either digital or analog form. 
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SUMMARY OF INVENTION 

1. A memory cell with a three-layer structure consisting of two electrodes with a 
functional zone between them, distinctive in that the electrodes a made of metal 
and/or semiconductor and/or conductive polymer and optically conductive oxides or 
sulphides, while the functional zone is made of organic, metalorganic and non- 
organic materials, and in the functional zone molecular and/or crystalline structure 
instilled are various types of active elements as well as their combinations with each 
other and/or clusters based on the elements, which change their state or position 
under influence of external electric field and/or light radiation. 

2. A memory cell as in 1, distinctive in that the electrode is implemented as several 
elements, separated from £ach other in space and electrically. 

3. A memory cell as in 1 and 2, distinctive in that the electrode consists.of two or three 
separate elements placed on top of the functional zone. 

4. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
positive or negative ions, including molecular ions. 

5. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on composites of organic, metalorganic and non-organic materials 
with instilled clusters based on solid electrolytes. 

6. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
molecules and/or ions with electric dipole moment. 

7. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based rn composites of organic, metalorganic and non-organic materials 
with instilled clusters based on solid polymer and non-organic ferroelectrics. 
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8. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
donor and acceptor molecules. 

9. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
organic and/or non-organic salts and/or acids and/or water molecules. 

10. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
molecules able to dissociate in an electric field and/or under light radiation. 

11. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic, metalorganic and non-organic materials with instilled 
non-organic and/of metalorganic and/or organic salts and/or molecules with variable 
valency of metals or atomic groups contained in them. 

12. A memory cell as in 1, distinctive in that the functional zone is implemented as an 
active layer based on organic and metalorganic conjugate polymers with active 
elements built into the main circuit and/or connected to the circuit or to the plane 
and/or built into the structure, with the elements forming or not forming a light 
emitting structure 

13. A memory cell as in 1, distinctive in that the functional zone is implemented as a 
multilayer structure consisting of several different active layers made of organic, 
metalorganic and non-organic materials, where into the molecular and/or crystalline 
structure instilled are active, elements and/or clusters based on them, which change 
their states and/or positions under influence of an external electric field and/or a light 
radiation. 

14. A memory cell as in 13, distinctive in that for the functional zone a multilayer 
structure is used consisting of several active, passive, barrier, light emitting and light 
sensing layers separated between each other by electrodes of different active layers 
made of organic, metalorganic and non-organic materials where into the molecular 
and/or crystalline structure instilled are. active element and/or clusters based on them, 
changing their states and/or positions under influence of an external electric field 
and/or a light radiation. 
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15. A 'memory cell as in 14, distinctive in that for the functional zone a multilayer 
structure is used, consisting of alternating active and passive layers with elements of 
optical or electric decoupling. 

16. A memory cell as in 14, distinctive in that the passive layers are made of organic, 
metalorganic and non-organic materials, which are donors and/or acceptors of charge 
carriers and are ion and/or electronic conductors. 

17. A memory cell as in 14, distinctive in that the barrier layer is made of materials with 
high electronic conductivity and low ion conductivity. 

18. A memory cell as in 14, distinctive in that for the functional zone a two-layer 
structure is used, consisting of an active layer and a passive layer. 

19. A memory cell as in 14, distinctive in that for the functional zone a two-layer 
structure is used, where one layer is made of metalorganic and non-organic materials 
and has high electronic and low ion conductivity, while the other layer is passive. 

20. A memory cell as in 14, distinctive in that for the functional zone a three-layer 
structure is used, with outer active layers and a barrier layer placed between them. 

21. A memory cell as in 14, distinctive in that for the functional zone a four-layer 
structure is used, with two active layers, separated by the third, barrier layer, where 
the fourth layer is passive. 

22. A memory cell as in 14, distinctive in that for the functional zone a five-layer 
structure is used, with two outer passive layers and two active layers placed between 
the passive ones and separated by the fifth, barrier layer. 

23. A memory cell as in 15, distinctive in that the electric decoupling element is 
implemented as an additional electrode made of an electro conductive material and a 
layer of semiconductor and/or organic material forming a diode structure. 

24. A memory cell , as in 15, distinctive in that the electric decoupling elements are 
implemented as an additional electrode made of an electro conductive and optically 
transparent material and a layer of semiconductor and/or organic material forming 

. either a photo resistance or a photo sensor element. 

25. A memory cell as in 15, distinctive in that the electric decoupling element' is 
. implemented as an additional electrode made of an electro conductive material two 

layeris of semiconductor and/or. organic materials separated by a second additional 
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electrode made of an electro conductive and optically transparent material and 
forming a photodiode or a light emitting structure and a photo resistance or a photo 
sensor element. 
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ABSTRACT 

. The invention is in the field of Computer Engineering and can be used in memory 
devices for various computers, specifically in developing a universal memory system 
with high data reading and writing speed along with capabilities for long term storage and 
high information density, as well as in developing video and audio equipment of a new 
generation, in developing associative memory systems, and in creating synapses (electric 
circuit elements with programmable electric resistance) for neuronal nets. The lack of 
such an element holds back the development of true neuronal computers. 

The invention is based on the task of creating an essentially new kind of memory 
cell that would allow to store several bits of data, would have fast resistance switching 
and require low operating voltage but at the same time would allow to combine its 
manufacturing technology with the modem semiconductor manufacturing technology. 

C Fig- 6 shows an implementation option of the claimed memory cell containing 
two. continuous aluminum electrodes 1 and 2 between which there is a multilayer 
functional zone consisting of one active layer 3, one barrier layer 4 and one passive layer 
5. This structure of the functional zone allows to change electric resistance of the active 
zone and/or form highly conductive areas or lines with metallic conduction in the active 
zone under the influence of the external electric field and/or its light emission on the 
memory celljand to retain its electric resistance for long periods of time without applying 
external electric fields. 

The memory cell is advantageously distinctive from the currently used single bit 
memory elements, in that it can store several bits of information. The data storage time 
depends on the memory cell structure, the material used for the functional zone and the 
writing mode. It can vary from several seconds (can be used to build dynamic memory) 
to several years (can be used for building long term memory, such as Flash memory). It 
is possible to create universal memory that can work in both dynamic and long-term 
modes, depending on the data-writing mode. 
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FIG. 1 




FIG. 6 
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Nanoparticles Get Wired 



Scientists have succeeded in the delicate feat of trapping a single metal particle Just 17 nanometers 
(billionths of meter) wide, and measuring its electrical properties. The handy technique, to be reported 
next week in Applied Physics Letters, might be extended to measure the electrical behavior of single 
conducting molecules-testing that is needed before fantastically small electronic devices can be built. 

It's not easy to strap electrodes onto a nanoparticle or molecule. Instead, researchers have resorted to 
indirect approaches, such as dropping tubular nanoparticles onto grids of fine wires and hoping some 
make contact. Dreaming of an easier way, physicists Cees Dekker and Alexey Bezryadin of Delft 
Technical University in the Netherlands etched a channel 20 nanometers wide into a substrate of silica 
nitrate. They left two "fingers" that protruded into the channel to catch a nanoparticle, then deposited 
platinum electrodes with traditional ion-beam sputtering. The electrodes grew out over the fingers, until 
the gap between the electrodes narrowed to an unprecedented 4 nm. 

To trap a single nanoparticle, the team bathed the electrodes in water containing suspended 
nanoparticles of palladium. A small voltage across the electrodes, about 4.5 volts, polarized the 
particles and attracted them to the gap. The first particle to lodge itself in the gap allowed a current to 
flow across the electrodes. A resistor then cut the voltage. Without the electric field to attract them to 
the electrodes, the other particles froze in their tracks. 



The lodged nanoparticle remained in place, even when the solvent was evaporated away. "We found 
this quite amazing," says Dekker. He and his colleagues proceeded to measure how much current could 
flow through the particle and can study quantum effects like electron tunneling. Dekker believes that 
the technique could also measure the electrical properties of biological molecules, such as DNA. 

Experts are impressed by the team's work. "My group has done similar things with other techniques, 
but their technique is better," says Paul McEuen of the University of California, Berkeley. McEuen 
says that it could also open the way to making new devices as well as measuring them: "One may be 
able to make reliab)^ very small objects trapped between two electrodes for a variety of applications," 
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